lustnn,  We  Hays  A CompEtitnr . 


Easy  to  use. 

2400  & 9600  Baud  support 


Software  controllable  backlight  and  contrast. 


fCtT**  V 


lines  of  Basic  code  per  second  the  BasicX-24 
programmable  microcontrollers. 


e/iis/c-^AfcPV  ™ 
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Executing 
is  the  KING 

400  bytes 
32 K Usen 


I Multi-Flash  Reader 

♦ CompactFlash  reader  also  reads 
MMC/SD,  SmartMedia  & Memory  Sticks! 

♦ Three  adapters  included 

♦ IDE  interface  j 

♦ Std  3.5”  bay  mount  gaps 

♦ New,  with  CD  & instr.fgfc  /W 

♦ New, 90-day  warranty  '•’* 

HSC#  80708  $29.50 

^ 420VA/252W  UPS! 

♦ Includes  power  management  software 

♦ User  replaceable  batteries  , -* 

♦ User  selectable  voltage  ranges  ' ^ 

♦ For  PCs,  workstations,  networks/.more! 

♦ Special!!. ..3  for  $99.00!!... 

HSC#  19346  $37.50! 

2U  Rack  Cabinet 

♦ Includes  std.  300W  ATX  power  supply 

♦ ATX  M/B  compatible  Mi.  * — M 

♦ 4 - 60mm  cooling  fans!!  P ~ 

♦ Mtg.  hardware  included  m 1 

♦ Front/rear  panel  slots,  3 switches,  LED 

♦ New,  HSC  90-day  warranty 

HSC#19848  $49.95! 

Ultrasonic  Transducer!  1 

♦ SonaSwitch  ‘Mini-S’  1 

♦ Fixed  range:  5-7  leet.  J 1 

♦ Rep.  sense  rate:  10Hz  1 

♦ Three  hits  to  turn  on,  three  misses  - ott.  1 

♦ See  ‘http://www.edpcompany‘  for  info.  1 

♦ HSC  90-day  warranty 

HSC#19833  $9.95!  | 

1 Video  WAVE  Editor! 

♦ ‘Command  Post’  console  w/pro-features 

♦ Powerful  editing,  loads  of  features 

♦ Edit  video  like  the  pros!...  .. 

♦ Swirl,  ripple,  fade,  ^ 

♦ 2 CDs  w/tons  of  templates  * ' ‘ 

HSC#  19656  $19.95 

LCD  Color  Touch  Screen! 

Great  for  robotics,  plus  all  sorts 
of  embedded  applications... 

♦ ALPS#  LFH8P4032B 

♦ 240x320  diag.  LCD  STN  display  MHin 
w/CCFL  backlight 

♦ 4-wire  touch  screen  interface. 

♦ 2.75”  x 3.50”  x 0.375” 

♦ 8-bits-per-pixel  depth(8bbp) 

♦ DC-DC  conv.  for  LCD  neg.  bias 

♦ See  http://hubbard.enqr.scu.edu/embedded/lcd/ 
lfh8D4032b/lfh8D4032b.html  for  info 

HSC#19827  $39.95! 

Special!!..  2 For  Only  $59.95! 

Notebook  Case  I 

♦ ‘Targus’ Model  “CUNI"^^^^^^  1 

♦ Padded  compartments 1 

♦ Adjustable  dividers  BE  I 

♦ Two  external  pockets  1 

♦ 1 4.5  ”x  1 2.5”  x 6.5”  expanded 

HSC#19813ny  $29.95!  | 

1 4-Bay  SCSI  Enclosure 

♦ High  quality  cabinet  _==== 

♦ Extra  cooling  fan 

♦ 200-watt  fan-cooled  supply 

♦ Std.  D25  rear  panel  conn.  [ 

♦ SCSI  ID  switch  included 

♦ New,  HSC  90-day  warranty 

HSC#19703  $24.95 

Power  Supplies! 

♦ 'Sparkle'  Mod.  No.  FSP300-60GN 

♦ 300W,  Std.ATX 

HSC#19828  $17.50! 

♦ 'Power  Computing’  Mod.  No.  TCX-20D  II 

♦ 200W,  Std.ATX 

HSC#19721  $12.50!  | 

Go  Wireless!... 

♦ Proxim  ‘Symphony’  series... 

♦ 2.5GHz-  1.6Mpbs 

♦ 'HomeRF-  not  802.11 

Wireless  PCI  Card!  @£ 
HSC#  19743  $9.95! 

PCMCIA  LAN  Card! 

HSC#  19737  $9.95! 

Blowout  Soecials!!... 

I at  *■  0* 

7-Bay  Cabinet  Dot  Matrix  Display  Internet  Video  Phone  80W  Power  Supply 

#80544  $20.00  #19429  $8.00  #19442  $5.00  #18415  $5.00 

Hj?  ^ . mm. 

9.1GB  SCSI  HD  4.3GB  SCSI  HD  50  Watt  Woofer  1 50W  Power  Supply 

#18753  $14.00!  #18412  $10.00!  #19623  $8.00!  #18266  $8.00 

AC/DC  VHF  Video  Player  Keypad  Mouse 

#19048  $10.00!  #80539  $3.00!  #191bU  S35  D0  #18zb7  »8  0B 

Best  Value  On  These  Closeouts!! 

12VDC,  3.4A  Supply  1 

♦ ‘CopperCom’  AC/DC  adapter  1 

♦ Input:  120V AC,  60Hz,  70W  1 

♦ Output:  12VDC@3.4A  1 

(-16.3VDC  unloaded) 

♦ ‘Desktop’-style  package  - many  uses 

♦ New  units,  OEM  pkg  (plain  white  box) 

♦ New, 90-day  warranty 

HSC#19312  $9.95! 

Wireless  Gateway! 

HSC#  19745  $14.95! 

Wireless  Bridge! 

HSC#  19744  $14.95! 

Cordless  USB 
Adapter! 

HSC#  19738  $9.95! 

Call  Recorder 

♦ Replay,  sort,  email,  copy  & xfer  calls 

♦ Adapter  goes  btw.  phone  & PC 

♦ W95.98,  ME,  NT,  XP  ready  Wvz 

♦ Boxed,  w/CD,  manuals  & cables^^ 

♦ Factory  refurb,  5-vear  warranty 

HSC#80649  $49.95 

Electric  Field  Meter 

♦ Measures  radiation  from  cell  phones 

security,  two-way  radios.. .more.. 

♦ Range:  1 0MHz  to  4.5GHz 

♦ Meter  and  LED  displays 

♦ See  pg.  60,  Feb.  QST  mag.  I 

♦ New, 90-day  warranty 

HSC#ZAPCKR  $89.95! 

9.1GB  Ultra  SCSI 

♦ Seagate  ST19171WC,  80-pin  SCA 

♦ 7200  RPM,  4.1 7mS  avg.  latency 

♦ Average  seek:  9.5mS 

♦ HSC  90-day  warranty 

♦ HSC  Special!!...qet  our 
‘SCS3700’  SCA  to  SCSI  1 adapter 
Reg.  $12.50. ..for  $7.50  w/this  drive! 

HSC#  18753  $14.00! 

18GB  SCA  SCSI 

♦ Seagate  ‘Cheetah’  Ultra  -2  Wide 

♦ Formatted  Capacity:  18.21GB^_^ 

♦ Speed:  10, 000RPM  ^ 

♦ HSC  90-day  warranty 

♦ HSC  SpecialM  .qetour 

‘SCS3700’  SCA  to  SCSI  1 adapter  1 

Reg.  $12.50.. .for  $7.50  w/this  drive!  1 

HSC#  18781  $19.95!  | 

Pixie2  QRPp  Xcvr! 

♦ TINY  shirt-pocket  rig!  200-300  mW  out 

♦ Kit  incl.  all  board-mounted  parts 

♦ You  supply  crystal,  conn. 

♦ Use  ’walkman-style’  phones  t^S 

LsC#Pixie2  $9.95! 

Since  1963!... 

AifiiflBES JW  Silicon  Valley’s  Electronic  Marketplace 

3 Retail/Wholesale  Locations:  Order  Toll-Free:  1-800-4-HALTED(442-5833) 

Main  Office  - Mail  Orders...  or...ONLINE,  AT:  www.halted.com 

3500  Ryder  St.  Santa  Clara,  CA  95051  __  Terms:  Some  quantities  limited;  all  items  are  subject  to  prior  sale.  Minimum  order: 

Santa  Clara  1-408-732-1573  Bill  $10.00  plus  shipping.  Orders  under  $20.00  subject  to  $2.00  handling  fee,  in  addition  1 

Cwramontn  1 q-ic  qqo  orjc  ■■■  to  shipping.  All  orders  shipped  by  UPS  Surface  unless  otherwise  specified.  $6.00  UPS  1 

aacramemo  I -»  I o-o char9e  added  for  COD.  Visit  our  website  for  detailed  information  on  domestic  and 

Rohnert  Park  1-707-585-7344  1 l™r  1 international  shipping  methods. 

SUBSCRIBE  NOW! 

12  issues  for  $24.95 
www.servomagazine.com  or 

Call  toll  free  1-800-783-4624  Buy  Robotic  Arm  at  www.lynxmotion.com 
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HARVESTING  ELECTR! 

FROM  THE  ENVIRONMENT 
Light  a 100  volt  bulb  with  the  waves  tl 
surround  you. 

by  Dan  Shanefield 


SIMPLE  CAPACITANCE  METER: 
USING  THE  ADUC812 
Clever  programming  yields  a useful  bench  tool. 

by  Schlomo  Engelberg 

MAKING  YOUR  OWN  CUSTOM 
MEMBRANE  SWITCHES 
A simple  — yet  effective  — way  to  dress  up 
your  projects. 

by  Gerard  Fonte 

THE  AMAZING  FRISBEE  BLACK 
BOX  or  BASIC  STAMP  FRISBEE 
Instrument  your  favorite  sporting  goods! 


ELECTRONICS  IS  DOWN 
- NOT  OUT 

A few  more  thoughts  on  the  subject  from  one 
of  the  pioneering  teachers  of  our  hobby. 

by  Forrest  M.  Alims  III 
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64 
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HUMAN  ERROR  AND  THE 
_ ENGINEERING  DESIGN  PROCESS 
Some  thoughts  about  user-centered  design. 

by  R.B.  Whittingham 

WHAT  IS  VIRTUAL  MEMORY? 
Learn  about  the  secret  way  your  operating 
system  manages  limited  physical  RAM. 

by  Mark  Batch 

NEAR  SPACE 

-Part  I of  2:  Start  exploring  the  final  frontier 
from  your  own  backyard. 

by  L.  Paul  Verhage 


BIPOLAR  TRANSISTOR  COOKBOOK 
Part  8 of  8.  In  this  month’s  final  installment, 
useful  transistor  circuits  and  gadgets  are 
covered. 

by  Ray  Marston 


8 ELECTRONICS  Q&A 

Good-bye  12  V,  Hello  42  V;  Low-Battery 

Indicator;  Iron  Keeps  its  Cool;  and  Calibrate! 
Calibrate!  Dance  to  the  Music. 


IN  THE  TRENCHES 

For  design  engineers  facing  real  world  problems. 

This  month:  being  successful. 

JUST  FOR  STARTERS 

Choosing  a 7400-series  logic  family. 

OPEN  COMMUNICATION 

Ethernet — Part  2:  Wireless  LANs. 

PERSONAL  ROBOTICS 

Discover  what  an  Isopod  can  do  for  you! 

STAMP  APPLICATIONS 

Makin’  It  Motorized. 

TECHKNOWLEDGEY  2004 
New  Cooling  Technique  for  Electronic  Devices, 
HP  Continues  to  Gain  Workstation  Market  Share, 
...  and  more! 
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Reader  Feedback 


Dear  Nuts  & Volts: 

I read  your  magazine  from  cover  to 
cover  and  find  it  very  stimulating  and 
informative.  It  helps  me  keep  up  my 
skills  in  the  electronics  field. 

However,  I noticed  an  error  in  Ray 
Marston's  "Bipolar  Transistor 
Cookbook"  feature  (November  2003). 
In  the  last  paragraph  of  the  section 
titled  "L-C  Oscillators,"  on  page  70,  the 
formula  for  determining  resonant 
frequency  is  given  as  "f=l/2LC".  This  is 
incorrect  and  should  be  "1/2  Pi 
sqr(LC)". 

Tim  Leon,  CET 
Vacaville,  CA 

Good  catch,  Tim.  That  was  our 
mistake,  not  Ray's.  — Editor  Dan 

Dear  Nuts  & Volts: 

I really  enjoyed  the  article,  “The 
New  Electronics  Experimenter,”  by 
Louis  Frenzel,  in  the  January  2004 
issue.  He  really  hit  the  nail  on  the  head 
in  describing  today’s  electronics 
experimenter.  I'm  63  years  old  and  have 
been  down  most  of  the  paths  he 
discussed,  including  building  Heath 
kits,  computer  kits,  projects  in  Popular 
Electronics,  QST,  and  Radio 
Electronics.  I also  went  through  the 
various  Heath  Kit  Education  home 
study  courses,  from  DC  electronics  to 
digital  electronics  and  microprocessors 
to  the  BASIC  Stamp.  I have  dabbled  in 
audio,  short  wave  radio,  scanners,  RC 
models,  personal  computers,  digital 
video  and  cameras,  auto  electronics, 
and  even  built  radio  telemetry 
equipment  for  tracking  wildlife. 

I work  in  natural  resources,  but  my 
true  love  has  always  been  electronics.  I 
am  looking  forward  to  learning  more 
from  Nuts  & Volts  and  SERVO 


Magazine  and  to  having  more  time  to 
spend  with  my  hobby  when  I retire  in 
two  years.  Keep  up  the  good  work. 
Thanks. 

James  (Jeb)  Stuart 
Anchorage,  AK 

Dear  Nuts  & Volts: 

I enjoy  the  magazine  as  one  of  the 
few  remaining  periodicals  designed  for 
the  electronics  hobbyist  in  the  CIS. 
In  an  age  of  disposable  consumer 
electronics,  it's  good  to  see  quality 
materials  and  projects.  Thank  you. 

If  I may,  I have  some  quick 
comments  on  several  points  of  D. 
Prabakaran's,  “'All  About  GPS”'  article: 

Location:  The  proper  term  for 
GPS  location  determination  is 
trilateration,  not  triangulation. 
Triangulation  involves  angles  in 
determining  a solution,  where 
trilateration  (GPS)  does  not. 

Frequencies:  Currently  only  LI 
and  L2  are  broadcast . 

GPSPower:  GPS  broadcasts  LI  @ 
380  watts  and  L2  @ 80  watts. 

Receiver  Sensitivity:  Receiver 
sensitivity  is  around  -130  to  -140  dBm, 
depending  on  manufacturer  and 
configuration. 

Selective  Availability:  SA  was 

turned  off,  via  presidential  order,  on 
May  1,  2000.  The  proliferation  of  GPS 
devices  and  location-based  services 
that  have  since  spawned  preclude  the 
government  from  ever  turning  it  back 
on. 

DOPS:  There  are  many  more 
DOPS  than  just  HDOP  (Horizontal 
Dilution  of  Precession).  The  other 
common  ones  are  VDOP  (Vertical), 
PDOP  (Point),  TDOP  (Time),  and 
GDOP  (General.)  These  are  all  unitless 
numbers  that  reflect  the  relative 


precision  of  the  particular  DOP. 
Different  GPS  manufacturers  display 
this  information  differently. 

Thanks  again  for  a great 
publication! 

Thomas  Homan 
via  Internet 

Dear  Nuts  & Volts: 

I received  my  January  2004  issue 
of  Nuts  & Volts  last  Saturday.  I guess 
the  PO  had  a bunch  of  stuff  to  get  out 
of  there  and  just  delivered  it  early.  No 
problem  for  me!  I do  enjoy  the 
magazine,  and  really  appreciate  the 
smaller  size,  compared  to  the  issues  a 
few  years  ago,  since  they  store  more 
readily.  I keep  good  magazines  like  that 
and  still  have  the  very  first  issues  of 
QST  that  I purchased  just  before  WWII. 

I am  a multi-hobbyist.  I received  my 
ham  license  in  1948,  and  rose  to  Chief 
Electronic  Technician  in  the  CISN.  I 
taught  electronic  servicing  to  the 
maintenance  crew  for  the  toll 
equipment  on  the  Kansas  Turnpike 
Authority  when  they  changed  over  from 
card  hole  punch  type  machines  with 
stepper  motor  accounting  to  modern 
computers  (which  used  Motorola  6800 
type  computer  chips  at  the  time!).  I 
retired  nine  years  ago,  yesterday,  after 
37  years  with  the  KS  Turnpike,  where  I 
had  been  head  of  the  Communications 
Department. 

I appreciate  Nuts  & Volts  as  a 
magazine  for  experimenters  like  few  or 
no  others.  It  seems  like  so  many 
people  want  to  have  everything 
engineered  and  they  just  buy  it  without 
getting  their  hands  dirty,  so  the  field  of 
new  information  has  shrunk  badly. 

A year  ago,  I designed  and  built  a 
prototype  for  a home  siren  device, 
interfacing  with  a paging  receiver  to 
alert  people  in  an  area  not  well  served 
by  community  sirens.  The  folks  who 
had  me  do  that  have  been  short  on 
cash  to  promote  it,  so  I don’t  believe  it 
will  go  very  far.  They  do  have  a patent 
on  the  design  idea. 

Keep  up  the  good  work.  I do  enjoy 
the  magazine  very  much. 

Carl  Fisher 
Augusta,  KS 

Dear  Nuts  & Volts: 

I easily  identified  myself  as  a 
member  of  a dying  breed  in  Louis 
Frenzel's  article,  "The  New  Electronics 
Experimenter,"  January  2004  Nuts  & 
Volts.  For  some  time,  I have  been 
Continued  on  Page  85 
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Redpoint  Controls™ 

www.redpointcontrols.com 

1-866-473-3764 


J-i  Embedded 
Web  Server 


Crystal  LAN'" 

- 


$199 

Single  Unit  Price 


Advanced  Performance 
Reliability 

& Features 


...and  Red-i™  technology  is  the  easiest 
to  use  Embedded  Ethernet  solution  yet! 


• Complete  Ethernet  solution  including  isolation  circuitry, 
registered  MAC  address,  Analog  Inputs  and  RS-232  port 

• 10  Mbps  10-BaseT  Ethernet  connection 

• Serve  up  to  1 00  Kbytes  of  true  web  files,  i.e.  htm,  jpg,  etc. 

• Update  the  contents  of  any  web  page 

• Receive  data  from  HTML  Form  POST  messages 

• Simple  serial  commands  with  no  config  file  or  code  to  write 

• Eight  10-bit  A/D  ports 

• 1200  bytes  of  accessible  RAM  to  store  web  variables 

• Send  email  directly  to  any  address 

• Peer-to-Peer  Communication  over  the  Net  via  UDP 

• Great  for  prototyping:  Interface  pins  on  0.1"  spacing 


Attention  OEMs:  Pre-programmed  ICs 
available!  No  licensing  fees! 


Red-i™  BASIC  Stamp  Web  Server 


BASIC  Stamp  is  a registered  trademark  of  Parallax,  Inc. 


©2003  Redpoint  Controls,  Inc.  All  rights  reserved. 
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NutS&VOLTS 


Q&A 


with  TJ  Byers 


Electronics  Q&A 


In  this  column,  I answer 
questions  about  all  aspects 
of  electronics,  including 
computer  hardware, 
software,  circuits,  electronic 
theory,  troubleshooting,  and 
anything  else  of  interest  to 
the  hobbyist. 

Feel  free  to  participate 
with  your  questions,  as 
well  as  comments  and 
suggestions. 

You  can  reach  me  at: 
TJBYERS@aol.com 

What's  Up: 

The  usual  assortment 
of  requested  circuits. 

My  favorites  are  the 
soldering  iron  warm 
down  and  low-battery 
indicator.  Discovered  a 
new  reader  hobby,  and 
spent  a lot  of  ink  on  an 
emerging  technology. 
Another  reader  comes 
through  with  a tip,  and 
there  are  many  Cool 
Websites!  to  check  out. 


Good-bye  1 2 V,  Hello 
42  V 

Q.  How  about  some  details  (or  an 
appropriate  website)  about  the 
upcoming  change  in  automotive  elec- 
trical systems?  I read  somewhere 
that  the  new  bus  voltage  will  be  42 
volts.  Is  that  20  cells  times  2.15  volts 
per  cell?  What  other  interesting  and 
unique  features  will  be  implemented? 
Will  something  like  PCM  be  used  for 
switching  appliances  (lights,  blower, 
rear-window  heater,  etc.)?  Any  infor- 
mation or  clues  that  you  could  pass 
along  would  be  very  interesting  and 
most  appreciated. 

Joseph  F.  Richmond 
via  Internet 

The  new  42-volt  automotive 
lectrical  system  comes  as  a 
result  of  ever-increasing  power 
demands.  Back  in  the  days  of  old, 
way  before  many  of  you  were  born, 
six  volts  was  the  standard  power  bus 
for  autos.  That's  because  the  cars  in 
those  days  had  almost  no  electrical 
demands  — typically  head/tail  light- 


ing and  maybe  a heater  motor. 
Somewhere  in  the  mid  1950s,  the 
ante  was  upped  to  12  volts.  This 
came  as  a result  of  a demand  for  air 
conditioning,  brighter  headlights,  and 
higher-compression  engines  (which 
needed  bigger  starter  motors). 

Today's  cars  really  put  a demand 
on  the  electrical  system  with  power 
windows/seats,  climate  control,  mon- 
ster stereos,  and  window  defrosters  — 
not  to  mention  of  what's  up  and  com- 
ing: GPS,  communications,  PCs,  on- 
board video,  etc.  It's  no  wonder  the 
12-volt  bus  is  feeling  the  strain.  It's 
estimated  that,  by  the  year  2010, 
some  cars  will  require  10  KW  of 
power!  That's  enough  to  power  a 
home.  To  meet  these  demands,  the 
voltage  has  to  increase.  Why? 

Because  Ohm's  Law  says  so. 
Let's  say  you  have  a six-volt  system 
with  a 10-amp  load  (60  VA)  connect- 
ed by  a 0.1-ohm  wire.  Ohm's  Law 
says  the  voltage  loss  across  the 
wiring  is  one  volt,  making  just  five 
volts  (50  VA)  available  to  the  load  — 
a loss  of  17%.  If  we  up  the  voltage  to 
12  volts  and  reduce  the  current  to 
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five  amps  (60  VA)  running 
through  the  same  0.1 
ohms,  the  loss  is  now  0.5 
volts  — 11.5  volts  to  the 
load  (57.5  VA).  Quite  an 
improvement.  Applying 
the  same  analysis  to  36 
volts  (a.k.a.,  42  volts)  gives 
us  35.98  volts  (59.9  VA)  to 
the  load. 

The  first  42-volt  sys- 
tems will  be  hybrids:  a mix- 
ture of  12  volts  and  42 
volts  (Figure  1).  The  42- 
volt  system  is  actually 
based  on  a 36-volt  battery, 
but  it's  called  42  volts 
because  it  takes  42  volts  to  charge  a 
36-volt  battery.  This  is  much  like 
today's  systems,  which  operate  at  14 
volts  but  use  a 12-volt  battery.  The 
alternator  will  output  42  volts  for 
charging  the  36-volt  battery.  A 14-volt 
battery  charger,  based  on  DC/DC 
technology,  will  keep  the  12-volt 
battery  fresh. 

For  the  moment,  these  controls 
will  be  separate  (42-volt  headlamps 
are  a ways  off),  but  eventually,  they'll 
merge  into  a single  42-volt  bus.  The 
reason  for  choosing  42  volts  over  a 
higher  voltage  is  the  50-volt  barrier, 
which  is  considered  the  highest  volt- 
age that  is  safe  to  work  around  with- 
out special  precautions. 

As  for  the  immediate  advantages: 

• Wiring  harnesses  will  be  thinner  and 
lighter  in  weight. 

• Connectors  will  have  less  loss. 
•Window  motors  will  be  smaller  and 

more  efficient. 

• Electric  fans  will  replace  pulley- 
driven  radiator  fans. 


CMC  Power  Systems 

www.cmcpower.com/html/electrici 

ty/why42volt.asp 


Canadian  Driver 

www.canadiandriver.com/articles/jk/ 
at  010515.htm 


SAE 

www.sae.org/42volt 


Low-Battery 

Indicator 

Q.  I have  an  electric  guitar  that 
uses  active  pickups  powered  by  a 
nine-volt  battery.  I'm  looking  for  a 
simple  circuit  that  would  live  inside 
the  guitar  and  tell  me  at  a glance  if 
the  battery  is  still  good.  I imagine  an 
LED  that  turns  yellow  when  the  volt- 
age drops  to  five  or  six  volts,  other- 
wise the  LED  does  not  light.  Do  you 
have  any  suggestions? 

David  Walker 
via  Internet 


microamps,  which  is  just 
slightly  more  than  the  self- 
discharge current  of  the 
same  battery  sitting  on  a 
shelf.  To  calibrate  the  mon- 
itor, connect  it  to  a 7.2-volt 
source  (see  insert)  and 
slowly  adjust  R1  until  the 
LED  starts  to  blink. 

Iron  Keeps  its 
Cool 

Q.  Most  of  us  in  the  shop 
work  with  an  80  W sol- 
der iron  and  would  like  to 
control  its  temperature  in 
order  to  prolong  the  tip  and  iron  life 
by  preventing  overheating.  Can  you 
please  provide  a simple  yet  effective 
diagram  for  a solder  iron  heat  control 
device  with  a 120  VAC  socket?  This 
would  also  make  a great  project  for 
beginners  in  electronics! 

D.  Zillbermann 
via  Internet 

A . If  you're  talking  about  turning 
^^down  the  heat  when  the  soldering 
iron  is  in  the  holder,  then  turning  it 
back  up  when  it's  removed,  the  circuit 
in  Figure  3 is  what  you  want.  This 
design  simply  inserts  a diode  into  the 
AC  line  to  reduce  the  average  voltage 
to  the  iron.  The  thermal  switch  (avail- 
able from  All  Electronics,  800-826- 
5432,  www.allelectronics.com  - 
catalog  THSW-70)  is  positioned  so 
that  it  opens  when  in  proximity  to  the 
soldering  iron  with  the  iron  in  its  hold- 
er. The  heat  from  the  soldering  iron 
causes  the  switch  to  open  and  reduce 
the  AC  Out  voltage.  When  the  iron  is 


For  more  details  and  features, 
check  out  the  following  websites: 

Assembly  Magazine 

lwww.assemblymag.com/CDA/Arti  1 
IcIelnformation/coverstory/BNFCoverl 
|Storyltem/0, 6490, 98697, OO.htmll 

Auto  Speed 

www.autospeed.co.nz/cms/A_0319/ 

article.html 


A.  How  about  a blink- 
ng  LED?  The  circuit 
in  Figure  2 monitors  the 
voltage  of  the  nine-volt 
battery,  and  flashes  the 
LED  every  two  seconds 
when  the  voltage  falls 
below  7.2  volts  (the  volt- 
age most  manufacturers 
consider  the  end  of  bat- 
tery life).  The  circuit 
draws  a mere  120 
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removed,  the  switch  closes,  shorting 
out  the  diode,  and  applies  full  power 
to  the  soldering  iron. 

If  you're  looking  for  a variable 
temperature  controller  for  the  solder- 
ing iron  and  want  to  keep  it  simple, 
check  out  the  circuit  in  Figure  4.  This 
is  your  run-of-the-mill  triac  dimmer 
that's  been  reduced  to  the  minimum 
number  of  parts.  The  temperature  is 
controlled  by  varying  the  phase  angle 
of  the  sine  wave,  creating  a "dim- 
ming" effect  just  like  in  a light  bulb. 
The  limitation  is  that  you  can  only 
guess  at  the  temperature  (or  measure 
it  and  calibrate  the  dial)  because 
there  is  no  temperature  sensor  to 
control  a feedback  loop,  as  would  be 
the  case  with  a true  thermostatic 
controller. 


Calibrate! 
Calibrate! 
Dance  to  the 
Music 

Q.  The  capacitance 
meter  circuit  in  your 
July  2003  article  is  some- 
thing I'm  very  much  inter- 
ested in.  However,  I don't 
understand  how  to  deter- 
mine the  value  of  the 
capacitor  being  checked. 

John 
Cohoes,  NY 


A All  test  equipment,  whether 
omemade  or  commercial,  has 
to  be  calibrated.  In  the  capacitance 
meter  described  in  the  July  column 
("Simple  Capacitance  Meter"),  this  is 
done  by  inserting  a 1.0  uF  capacitor 
across  Cx,  and  adjusting  the  5 k pot 
until  the  0-1  mA  meter  reads  full  scale 
with  the  selector  switch  in  the  S2  posi- 
tion. The  scale  is  linear,  which  means 
that  a 0.5  uF  cap  will  read  mid-way  on 
the  scale,  or  0.5  mA.  A 0.1  uF  cap  will 
read  0.1  mA,  and  so  forth. 

The  accuracy  of  the  meter 
changes  as  you  switch  from  one 
range  to  another  and  depends  on  the 
accuracy  of  the  timing  resistor,  R.  If 
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you  use  5%  resistors,  then  expect  to 
have  as  much  as  a 5%  error  when  you 
switch  ranges.  Using  1%  resistors 
improves  the  accuracy. 

Tolerance  Makes 
Cents 

Q.  I have  a question  about  the 
meaning  of  parts  specifications. 
Let's  say  you  buy  36-volt  zener  diodes 
at  5%  tolerance.  Does  it  mean  that 
three-sigma  from  36  volts  is  5%  and 
that  all  the  parts  bought  will  fall  with- 
in that  tolerance?  I'm  looking  to  see 
what  the  sigma  is  so  as  to  properly 
tune  the  design. 

Fred  Sprague 
via  Internet 

A Electronic  components  are 
ated  on  a fixed  deviation  of  plus 
and  minus  a fixed  value,  not  three- 
sigma  (which  is  a mathematical  devi- 
ation curve).  For  example,  a 36-volt 
zener  diode  with  a 5%  tolerance 
means  that  the  voltage  of  the  zener  is 
guaranteed  to  be  +1.8  volts  of  the 
standard  value;  in  your  example,  the 
zener  voltage  is  in  the  range  of  34.2  to 
37.8  volts.  The  actual  values  tend  to 
cluster  by  the  batch  run,  with  one 
batch  having  a peak  around  one 
value  and  another  batch  centering 
around  a different  value.  Temperature 
also  affects  the  voltage  of  a zener, 
which  is  why  the  tolerance  is  always 
rated  at  a specific  temperature. 
Typical  temperature  ranges  are  0°  C 
to  +70°  C (commercial)  and  -55°  C to 
+125°  C (military). 

Tolerance  is  not  an  indication  of 
poor  manufacturing.  Closer  toler- 
ances can  be  achieved,  but  at  greater 
expense.  A zener  (or  resistor)  with  a 
10%  percent  tolerance  costs  less  to 
produce  than  one  with  a 5%  tolerance. 

Power  Supply  Design 
101 

Q.  Is  there  a formula  to  determine 
the  size  of  the  output  filter  capac- 
itor in  a DC  power  supply?  I find 
many  different  sizes  in  different  DC 
power  sources,  and  would  like  to 


FEBRUARY  2004 


Q&A 


Full-Wave  Rectifier 


know  what  determines  their  size. 

Ted  Asousa 
via  Internet 

A The  simple  answer  is:  capaci- 
ance  is  used  to  reduce  the 
amount  of  ripple  voltage  that  is  ever 
present  on  a DC  power  supply  output. 
Unfortunately,  the  formula  isn't  as 
simple,  but  I think  I've  at  least  made  it 
less  math  intensive.  Here  is  the  simpli- 
fied equation: 

C = [(Iload  x t) /P-Pripple]  x 106 
where 

Iload  = the  DC  output  current;  it  is  cal- 
culated using  Iload  = Eocjt/Rload 


keep  the  ship  afloat  after 
battle  damage  by  pumping 
water  out  of  the  hull.  I've 
been  playing  with  a circuit 
built  around  a TIPI 20  tran- 
sistor and  a relay  to  start 
the  pump  when  water  is 
detected.  The  problem  I 
have  with  it  right  now  is  that  it  works 
in  most  lakes,  but  not  all.  I'm  guess- 
ing this  is  due  to  lower  mineral  con- 
tent or  salinity.  1 would  be  most  inter- 
ested in  a simple  circuit  that  would  be 
more  reliable,  but  still  compact 
enough  to  fit  in  very  confined  spaces. 

Charley  Stephens 
Battlers  Connection 


sensor  more  sensitive.  (If  the  sensor 
appears  too  sensitive,  increase  the 
size  of  the  resistor.)  I also  swapped  the 
TIPI 20  for  a smaller  MPSA14  unit  and 
recommend  you  use  a compact  reed 
relay,  like  the  RadioShack  275-232 
(don't  worry  that  it's  rated  five  volts; 
relays  are  current,  not  voltage  operat- 
ed, so  no  will  be  damage  done). 


P-Pripple  = the  acceptable  peak-to- 
peak  DC  output  ripple  voltage 

So  far,  so  good.  Now  comes  f, 
which  is  the  hard  part  because  it 
depends  on  the  rectification  method 
used  and  the  line  frequency.  The 
capacitor  requirements  are  less  strict 
if  you  use  full-wave  rectification 
(Figure  5). 

t = 1/(2  x line  frequency);  t = 0.0083 
for  60  Hz  and  0.01  for  50  Hz 

How  about  an  example?  Let's 
design  for  five  volts  out  at  one  amp, 
with  100-mV  peak-to-peak  ripple,  run- 
ning from  a 60-Hz  wall-wart.  Plugging 
these  values  into  the  equation 
nets  a capacitance  value  of  8300 
uF.  An  off-the-shelf  10,000uF  cap 
will  work  perfectly. 

C=  [(lAx.0083)/0.1V]  x 10e 
C=  [.0083/0.1]  x 106 
C = [.083]  x 106  = 8300uF 

Sink  the  Bismark! 

Q.  I spend  many  of  my  week- 
ends sinking  ships  — really! 

The  hobby  is  called  R/C  Warship 
Combat,  and  it  is  heavly  into  elec- 
tronics for  just  about  every  aspect 
of  the  sport.  One  of  the  tools  of 
the  trade  is  a bilge  pump  that 
pumps  water  out  of  the  hull  to 


A I looked  over  the  circuit  you  sent 
nd  can  tell  you  that  your  con- 
nection of  the  level  sensor  to  the  col- 
lector of  the  TIP  120  (Figure  6) 
reduces  the  detector's  sensitivity. 
Think  about  it:  you're  using  the  tran- 
sistor as  an  on/off  switch.  The  sen- 
sors are  used  to  provide  base  current 
to  the  transistor  to  turn  the  switch  on, 
but  when  the  transistor  switch  turns 
on,  the  top  sensor  no  longer  has  any 
voltage  to  apply  to  the  base,  which 
causes  the  transistor  to  turn  off. 

The  answer  is  to  connect  the  sen- 
sor to  the  +6  volt  source  through  a 10 
k resistor.  This  way,  the  base  current 
isn't  dependent  on  the  transistor's  col- 
lector voltage,  only  the  conductivity 
of  the  lake  water,  which  makes  the 


Inverter  Waveform 

Q.  I am  curious  about  your 
thoughts  on  using  modified  sine 
wave  inverters  with  switching  power 
supplies,  like  those  used  in  PC  com- 
puters. I've  looked  at  the  waveform  on 
a scope,  and  noticed  a big  rush  of 
current  at  the  step  from  0 to  170  volts 
that  decays  exponentially.  With  a true 
sine  wave,  the  current  influx  is  less 
sharp  at  the  beginning,  and  the  whole 
thing  looks  like  a rectified  half-wave. 
I'm  using  a Tripp-Lite  modified  sine- 
wave  inverter  on  my  old  computers 
with  no  apparent  harm,  but  would 
appreciate  an  expert  opinion. 

John  M.  Buzby 
Boston,  MA 
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A I'm  no  expert,  but  I can  tell  you 
he  reason  for  the  different  cur- 
rent profiles  between  the  two  wave- 
forms. Off-line  switching  power  sup- 
plies have  a capacitor  input  (see 
"Power  Supply  Design  101"  above). 
Capacitors  charge  exponentially, 
with  a heavy  beginning  current  that 
tapers  off  as  time  increases.  If  the 
applied  voltage  is  gradually  applied, 
as  is  the  case  of  a sine  wave,  the 
inrush  current  is  tempered.  The  mod- 
ified sine  wave  (Figure  7),  on  the 
other  hand,  causes  sudden  current 
surges  with  each  step. 

Is  it  damaging?  Not  likely.  Most 
of  the  stress  is  with  the  input  rectifying 
diodes,  which  have  to  take  the  brunt  of 
the  current  surge.  Fortunately,  diodes 
have  a greater  surge  rating  than  they 
do  an  average  current  value  and  the 
surges  are  relatively  small  and  short 
with  a stepped  waveform.  So  unless 
you  are  using  a power  supply  that's 
marginally  functional,  I say  go  ahead 
and  use  a modified  sine  wave  invert- 
er. Now,  want  me  to  comment  on 
those  cheap,  square-wave  inverters? 

Portable  Cat  5 
Cable  Tester 

Q.  I saw  your  circuits  for  testing 
Cat  5 cables,  but  I was  looking 


Modified  Sine  Wave 


for  a circuit  that  will  do  a wire  map 
for  cables  that  are  already  installed 
in  the  walls.  The  first  use  is  to  check 
for  proper  pinouts  and  the  second  is 
to  locate  breaks  or  no  contacts  at  the 
jack.  I want  something  small, 
portable,  and  inexpensive;  the  tester 
I have  is  the  size  of  a suitcase. 

Doug  Mooney 
via  Internet 

Q.  I need  to  check  the  continuity 
of  a custom-made  cable  with  a 
DB25  connector  that  uses  pins  2 
through  8 and  pin  20.  Basically,  it's  a 
Cat  5 cable,  with  twisted  pairs  and  a 
custom  connector.  The  cable  is 
moved  around  a lot,  and  after  sever- 
al moves,  the  stiff  wires  shear  at  the 
crimp-pins. 

Although  I'm  in  the  process  of 
replacing  these  stiff  wires  with  some- 
thing more  flexible,  I need  to  find  a 
fast  way  to  check  out  the  pinouts  for 
the  cables  that  are  in  service  and  ver- 
ify those  to  be  placed  in  service.  I 
would  like  it  to  be  compact  (pocket 
size),  battery  operated,  and  have 


LEDs  to  boot. 

Ifostano 
via  Internet 

A The  schematic  in  Figure  8 is  an 
daptation  of  a commercial  Cat 
5 cable  tester.  A 4017  sequences  the 
testing  of  the  pins  using  LED  indica- 
tors. Each  Transmitter  LED  lights  in 
order  and  should  correspond  to  its 
related  LED  at  the  Receiver.  If  the 
Receiver  LED  doesn't  light,  the  pin  is 
open.  If  more  than  one  Receiver  LED 
lights,  the  wire  is  shorted.  If  the  LED 
lights,  but  doesn't  correspond  to  its 
partner,  the  pins  are  exchanged.  The 
LEDs  are  sequenced  by  pressing  the 
Press  To  Select  pushbutton. 

If  you  wish,  you  can  automatical- 
ly sequence  the  LEDs  using  a 555 
timer  (see  Auto  Select  insert).  This 
allows  you  to  connect  the  Transmitter 
in  one  room  and  monitor  the  sequence 
with  the  receiver  in  another  room. 

Reader  Tip 

Here's  a lamp  delay  circuit 
(Figure  9)  I developed  awhile  back 
that  is  simpler  than  the  one  you  print- 
ed in  the  Nov.  2003  issue.  I have  both 
a bipolar  and  MOSFET  design.  Here 
are  some  notes  about  the  circuit: 

1.  R1  is  optional  and  limits 
the  charging  current  to  pro- 
tect the  car  door  switch  from 
arcing  damage.  It  is  probably 
also  beneficial  to  limit  the 
charging  current  through  the 
capacitor. 

2.  The  energy  for  running  the 
light  an  extra  15  seconds  is 
stored  in  the  capacitor,  Cl. 

3.  The  capacitor  discharge 
time-constant  should  be 
approximately  Cl  * (R1+R2). 

4.  A diode  should  not  be 
needed  across  the  relay  con- 
tacts since  the  turn  off  of  the 
2N3906  will  be  slow  and 
gradual,  instead  of  a sudden 
switch  off. 
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5.  Almost  all  of  the  bulb  current  will  be 
carried  by  the  relay,  so  the  additional 
IN4001  diode  should  not  reduce  bulb 
brightness  and  can  be  eliminated  if 
you  trust  the  relay  contacts. 

Wayne 
via  Internet 


MAILBAG 


Dear  TJ, 

I have  just  read  the  question 
about  ferroresonant  transformers  in 
the  Dec.  2003  issue  and  wish  to  add 
that  Sola  also  supplies  ferroresonant 
transformers  that  are  "Harmonically 
Neutralized"  to  minimize  the  impact 
of  the  third  harmonics  on  the  wave- 
form. This  technology  requires  that 
part  of  the  capacitor  winding  be  sep- 
arated from  the  rest  of  the  capacitor 
winding  by  a set  of  silicon  steel 
shunts.  This  additional  winding  com- 
prises approximately  one-third  of  the 
total  capacitor  winding.  A visual 
inspection  will  reveal  three  coils,  sep- 
arated by  two  sets  of  shunts. 

The  output  waveform  looks  pret- 
ty close  to  a sine  wave,  with  none  of 
the  flattening  out  that  you  mentioned. 
I have  measured  harmonic  distortion 
values  in  the  range  of  1.5%-3.0%, 
which  is  not  bad  for  ancient  technolo- 
gy. However,  1 have  noticed  some 
"clipping  or  apparent  commutating" 
distortion  when  using  dynamic  loads, 
such  as  switch-mode  power  supplies. 
Even  this  distortion  does  not  seem  to 
be  catastrophic. 

Another  potential  problem  for  fer- 

Cool  Websites! 

Internet-corn's  network  of  more  than 
160  websites  is  organized  into  16 
channels. To  find  an  answer  go  to: 

http://search.internet.com 

LUEM42's  new  cool  sites  and 

favorites.  About  160  websites 
are  updated  monthly. 

www.geocities.com/luem42 

PC  Magazine  names  the  top  1 00 
websites  for  the  period  Oct.-Dec. 
2003.  www.pcmag.com/category 
2/0,41 48, 7488,  OO.asp 
PC  Magazine,  Oct.  2003 


Your  articles  are  usually  accurate 
and  informative.  However,  in  the 
December  2003  issue,  page  24,  you 
state  that  the  circuit  illustrated  in 
Figure  5 features  a bandpass  filter,  of 
which  you  show  the  frequency 
response  in  Figure  6.  In  fact,  the  net- 


work composed  of  the  series  100- 
ohm  resistor  and  1-uF  capacitor  to 
ground,  at  pin  3 of  the  second  555,  is 
a low-pass  filter  which,  as  you  correct- 
ly state,  attenuates  the  off  harmonics. 

Andre  Kesteloot 
via  Internet 
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FM  SUPER  SALE 

Save  Qp  To  $5001 


Professional  35W  FM  Stereo  Transmitter 


I N output,  temperature  and  VSWR  protected 
tomatic  audio  & power  controls 


✓ 35W 

✓ Autor . 

✓ Digitally  synthesized  PLL  for  rock  solid  frequency  stability 

✓ Digital  display  of  all  parameters 


35  Watts,  Frequency  Agile...And  Simple  To  Operate! 


USE  IT  ANYWHERE  IN  THE  WORLD 


)r  12  VDC,  the  PX1 

' n regular  powt.  ._ 

is  ice  or  wind  damaged  ele- 


CONTINUOUSLY  CHECKS  YOUR  SYSTEM 

PX1  circuitry  makes  subtle  adjustments  to  v< 

station  engineer  constantly  monitoring  and  l_, „ _ _ .., , „ c 

sound  image  while  the  RF  transmitter  chain  employs  generously  rated  components  for  headache-free,  long  life.  The  PX1  a 
higher  power  installations. 

EASY  INSTALLATION,  QUICK  SETUP,  SIMPLE  CONNECTIONS! 

Installation  of  the  PX1  is  a breeze.  A standard  Type-N  connection  is  provided  for  RF  Output.  Balanced  (XLR)  left  and  right  audio  inputs  are  provided  to  properly  interface 
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in  short,  it's  like  having  a 

ires  a clean,  refreshing 

a stand-alone  exciter  for 


you  have.  In  addition,  BNC  SCA/Digital  in 


provided  along  with  a quick  disconnect  connector  for  a 12  VDC  standby/back-up  power  input.  In  short, 


io  sources  and  antenna,  power  it  up,  set  frequency  and  power,  and  you're  on  the  air!  It  doesn't  get  any  simpler!  All  of  this  in  a compact  3.5”  standard  2 


EXTREMELY  VERSATILE,  FOR  ANY  APPLICATION! 

Although  specifically  designed  for  Domestic  LPFM  and  International  stand-alone  stations,  the  PXl's  compact  size  and  12VDC  operation  make  it  ideal  for  a backup  transmit- 
ter at  a commercial  station,  or  as  a low  power  translator  station. 


FULL  FRONT  PANEL  MONITORING 

Operation  of  the  PX1  is  simple  and  intuitive  via  the  front  panel  switch  matrix.  All  functions,  controls,  and  status  are  displayed  on  the  2 line  by  20  character  vacuum  fluo- 
rescent display.  (Note:  The  end  user  is  responsible  for  complying  with  all  FCC  Rules  & Regulations  within  the  US,  or  any  regulations  of  their  respective  governing  body). 

PX1  Professional  35  Watt  Synthesized  FM  Stereo  Transmitter  WOW!!  SffVE  $300!  $1495.95  $1795100 


1 55  Watt  Complete  FM  Stereo  "Station  In-A-Box" 


Get  On  The  Air  Quick 
With  The  All-In-One 
cables  Solution! 

✓ Installed  and  prewired  in  a high  impact  road  case! 

YOU  ASKED  FOR  IT! 

One  of  the  most  requested  FM  broadcast  products  over  the  past  year  has  been  a "radio  station  in  a box". 

At  first  we  laughed.  What  did  they  mean...  in  a box?  Then  as  the  requests  came  pouring  in,  we  found 
out!  Overseas  customers,  as  well  as  some  of  the  new  LPFM  licensees  have  a need  to  quickly  "get  on  the 
air"  at  temporary  locations  or  in  the  interim  to  their  installed  studio/transmitter  setup.  A number  of  overseas 
customers  also  had  to  originate  short  term  programming  from  various  remote  origination  sites  for  disaster  pre- 
paredness broadcasts!  Well,  here  you  go...  a radio  station  in  a box! 

EVERYTHING  IS  INCLUDED! 

First  we  took  our  state  of  the  art  PX1  FM  Stereo  Transmitter  and  installed  it  in  an  impact  resistant,  rack  mount  travel  case. 

Then  we  added  the  Superscope  PAC750  integrated  mixer/cassette  deck/CD  deck.  We  prewired  them,  then  added  a professional  microphone  and  some  cables.  Finally,  we 
included  our  3.4  dB  gain  omnidirectional  FM  Broadcast  antenna  with  100  feet  of  matching  low  loss  coaxial  cable.  There  you  go,  a complete  radio  station,  ready  to  plug  in, 
and  be  on  the  air!  Just  imagine:  Show  up,  open  up  the  case,  plug  in  the  AC  power,  temporarily  mount  the  antenna,  connect  the  coax,  and  you're  all  set!  The  applications 
are  endless!  From  live  remotes  to  station  backup  transmitters,  our  "Station  In  A Box"  is  your  solution!  (Note:  The  end  user  is  responsible  for  complying  with  all  FCC  Rules 
& Regulations  within  the  US,  or  any  regulations  of  their  respective  governing  body). 


✓ 35  watt  FM  stereo  transmitter 

✓ Integrated  CD  player 

✓ Integrated  cassette  player 

✓ Integrated  audio  mixer 

✓ Professional  microphone  and 

✓ Omnidirectional  antenna  and 


PXB35  Professional  35W  FM  Stereo  Station  In  A Box 


WOW!!  Get  On  The  f fir  QUICK  SAVE  $500!  $3295.95  $3795*0 


AM  &FM  Broadcast  Kits 

Have  fun  And  Save  $$/ 


Professional  FM  Stereo  Radio  Station 


✓ Synthesized  88-108  MHz  with  no  drift 

✓ Built-in  mixer  - 2 line  inputs,  1 mic  input 

✓ Line  level  monitor  output 

✓ High  power  version  available  for  export  use 

The  all  new  design  of  our  very  popular  FM100!  Designed  new 
from  the  ground  up,  including  SMT  technology  for  the  best  per- 
formance ever!  Frequency  synthesized  PLL  assures  drift-free  opera- 
tion with  simple  front  panel  frequency  selection.  Built-in  audio  mb 
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$399.95  $429,95 


Professional  40  Watt  Power  Amplifier 


✓ Frequency  range  8: 


At  last,  the  number  one  requested  new  product  is  here!  The 
PA100  is  a professional  quality  FM  power  amplifier  with  30-40 
watts  output  that  has  variable  drive  capabilities.  With  a mere  c 
watt  drive  you  can  boost  your  output  up  to  40  watts!  And  this 
sly  variable  throughout  the  full ' " 


continuously  variable  throughout  the  full  range!  If  you  are  currently  using 

transmitter  that  provides  more  than  one  watt  RF  output,  no  problem!  The  unvc  input  is  soo-iamc 
for  one  or  five  watts  to  achieve  the  full  rated  output!  Features  a multifunction  LED  display  to  show  you  output 
Dower.  inDut  drive.  VSWR.  temDerature.  and  fault  conditions.  The  built-in  microprocessor  provides  AUTOMATIC 
r-temperature.  The  built-in  fan  provides  a cool  24/7  continuous  duty 

40  Watt  FM  Power  Amplifier,  Assembled  & Tested  WOWU  SfiVEU  $549.95  $59365 


Synthesized  Stereo  FM  Transmitter 


design,  using  SMT  technology 

Need  professional  quality  features  but  can't  justify  the  cost  of  a commer- 
cial FM  exciter?  The  FM25B  is  the  answer!  A cut  above  the  rest,  the 
FM25B  features  a PIC  microprocessor  for  easy  frequency  programming  with- 
out the  need  for  look-up  tables  or  complicated  formulas!  The  transmit  fre- 
quency is  easily  set  using  DIP  switches;  no  need  for  tuning  coils  or  "tweak- 
ing" to  work  with  today's  'digital'  receivers.  Frequency  drift  is  a thing  of  the 
past  with  PLL  control  making  your  signal  rock  solid  all  the  time  - just  like 
commercial  stations.  Kit  comes  complete  with  case  set,  whip  antenna,  120  VAC  power  adapter,  1 /8"  Stereo  to 
RCA  patch  cable,  and  easy  assembly  instructions  - you'll  be  on  the  air  in  just  an  evening! 

FM25B  Professional  Synthesized  FM  Stereo  Transmitter  Kit  WOWU  SfiVEU  $119.95  $13965 


✓ Tunable  throughout  the  FM  band,  88-108  MHz 

✓ Settable  pre-emphasis  50  or  75  pSec  for  worldwide  operation 

✓ Line  level  inputs  with  RCA  connectors 

The  FM10A  has  plenty  of  power  and  our  manual  goes  into  great  detail 
outlining  all  the  aspects  of  antennas,  transmitting  range  and  the  FCC  rules 
and  regulations.  Runs  on  internal  9V  battery,  externaF  power  from  5 to  15 
VDC,  or  an  optional  120  VAC  adapter  is  also  available.  Includes  matching 
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Professional  Synthesized  AM  Transmitter 


✓ Fully  frequency  synthesized,  no  frequency  drift! 

✓ Ideal  for  schools 

✓ Microprocessor  controlled 

Run  your  own  radio  station!  The  AM25  operates  anywhere  within  the  st 
dard  AM  broadcast  band,  and  is  easily  set  to  any  clear  channel  in  your  ai 

is  widely  used  by  schools  - standard  output  is  100  mW,  with  range  up  to  

but  is  jumper  settable  for  higher  output  where  regulations  allow.  Broadcast  frequen- 
cy is  easily  set  with  dip-switches  and  is  stable  without  drifting.  The  transmitter  accepts 
line  level  input  from  CD  players,  tape  decks,  etc.  Includes  matching  case  & knob  set  and  AC  power  supply! 
AM25  Professional  Synthesized  AM  Transmitter  Kit  WOWU  SfiVEU  $89.95  $9965 


Tunable  AM  Transmitter 


✓ Tunes  the  entire  550-1600  KHz  AM  band 

✓ 100  mW  output,  operates  on  9-12  VDC 

✓ Line  level  input  with  RCA  connector 


■ A great  first  kit,  and  a really 
I AM  broadcast  band.  100  mW  outpi 
| kits  for  schools  and  scouts!  Includes  matching 


, AM  transmitter!  Tunable  throughout  the  entire 

broadcast  band.  100  mW  output  for  great  range!  One  of  the  most  popular 
r j J for  a finished  look! 
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www.ramseykits.com 


Mlnl-KIts... 

Great  Starters! 


linking  LED.  And  who 
in  resist  a blinking  light!  Great 


Tickle  Stick  Kit 


Super  Snoop  Amplifier 


Produces  a very  pleasant,  but 
obnoxious,  repetitive  "plink,  plink" 
sound!  Learn  how  a simple  transistor 
oscillator  and  a 555  timer  can  make  such 
sound!  Runs  on  4-9  VDC. 

EDF1  Dripping  Faucet  Ki 


Our  #1  Mini-Kit  for  31  years! 

Alternately  flashes  two  jumbo  red 
LED's.  Great  for  signs,  name  badges, 
model  railroading,  and  more.  Runs  on  3-15  VDC. 

BL1  LED  Blinky  Kit  $7.95 


! digit.  Provides  a closure  to 
. j . to 


Produces  the  upward  and  down- 
ward wail  of  a police  siren. 
Produces  5W  output,  and  will  drive 
any  speaker!  Runs  on  6-12  VDC. 

SM3  Electronic  Siren  Kit 


Build  anything  from  a time  delay 
to  an  audio  oscillator  using  the  - , 
versatile  555  timer  chip!  Comes  ' ' '' ’ 

with  lots  of  application  ideas.  Runs  or 
5-15  VDC. 

UT5  Universal  Timer  Kit 


EM 


& 


sound.  Great  for  a hands  free  PTT 

switch,  or  to  turn  on  a recorder  or  light!  Runs  oi 

6-12  VDC  and  drives  a 100  mA  load. 

VS1  Voice  Switch  Kit  $9. 


i 5KHz!  Add  a small  cap  and  it 

will  go  as  low  as  10  Hz!  Tunable  with 
a precision  20  turn  pot.  Runs  on  5-12  VDC  and 
will  drive  any  load  up  to  100  mA. 


\V  Where 

m Electronics 
rEimSEy  Is  Always 

RAMSEY  ELECTRONICS,  INC.  FUN! 

590  Fishers  Station  Drive 
Victor,  NY  14564 
(800)  446-2295 
(585)  924-4560 

800-446-2295 
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by  Mike  Keesling 


Understanding,  Designing,  and  Constructing  Robots  and  Robotic  Systems 

Personal  Robotics 


All  About  the  Isopod™ 


Isopod:  Any  of  numerous  crus- 
taceans of  the  order  Isopoda, 
characterized  by  a flattened 
body  bearing  seven  pairs  of  legs 
and  including  the  sow  bug 
(www.dictionary.com). 

Well,  that's  the  dictionary  defini- 
tion, but  what  it  means  to  me,  is  a 
small,  flat  microcontroller  system  on 
a board,  with  many  groups  of  func- 
tions, a board  suitable  for  controlling 
many  actuators,  and  reading  many 
sensors. 

In  the  last  two  years,  the  IsoPod 
has  grown  in  popularity,  and  even 
graced  the  top  100  products  of  the 
year  in  EDN  magazine  in  2002.  It  has 
grown  into  a family  of  related  prod- 
ucts with  more  functions  or  smaller 
dimensions  to  accommodate  the 
task  at  hand  whatever  it  is. 

When  you  buy  an  IsoPod,  you 
are  not  just  buying  a microcontroller 
board;  you  are  actually  buying  a dig- 
ital signal  processor,  voltage  regula- 
tors, communications  transceivers, 
and  a full-featured  programming  lan- 
guage called  IsoMax™.  All  this  comes 
on  a 1.27"  by  3.05"  board  that  looks 
more  like  a studded  breakfast  bar 
than  a microcontroller.  Based  on  the 
56800  series  of  digital  signal  proces- 
sors and  running  at  80  MHz,  you  will 
find  that  fully  tasking  it  will  be  quite 
a challenge. 

The  feature  set  of  the  IsoPod  is 
impressive,  to  say  the  least.  To  fully 
understand  its  power,  you  have  to 
consider  that  all  of  its  features  are 
hardware  based.  What  this  means,  is 
that  you  have  access  to  a lot  of  "set 
it  and  forget  it"  functionality.  The 
advantage  to  this  is  that  there  is  little 
or  no  processor  overhead  required  to 
get  a lot  of  stuff  done.  This  frees  you 

\(T 


to  write  the  software  that  imbues 
your  project  with  the  behavior  you 
are  interested  in,  without  having  to 
code  the  functionality. 

As  an  example,  you  can  pro- 
gram just  about  any  microcontroller 
to  drive  a multitude  of  R/C  servos, 
but  how  much  overhead  does  this 
require?  With  the  IsoPod,  26  R/C  ser- 
vos can  be  driven  without  interven- 
tion on  the  part  of  the  software,  Yes, 
that  is  correct,  0%  overhead  on  the 
processor. 

Unfortunately,  there  is  a price  for 
all  this  functionality.  The  IsoPod  is  lit- 
erally bristling  with  connections. 
When  you  connect  to  it,  you  really 
have  to  be  careful  to  avoid  connect- 
ing the  wrong  signals  or  permanent 
damage  can  result,  especially  to  the 
analog  inputs  which  will  in  no  way 
tolerate  over-voltage.  In  addition, 
there  is  a weird  sort  of  right  angle 
connector  on  one  end,  but  this  has 
been  phased  out  in  the  other  mem- 
bers of  the  IsoPod  family. 

The  PWM  module  is  very  com- 
plete. With  two  banks  of  six  PWM 
pins,  PWMA,  and  PWMB,  you  can 
instantly  control  12  R/C  servos,  and 
a variety  of  different  configurations 


of  H-bridges  for  driving  a variety  of 
different  motors.  Each  bank  has  its 
own  frequency  setting,  so  you  could 
have  six  R/C  servos  connected  to 

PWMA,  and  six  DC  motors  off  of 

PWMB. 

The  PWM  pins  in  each  bank  can 
be  configured  as  pairs,  complete 
with  dead-time  insertion  and  polarity 
control,  or  as  individual  pins.  You  are 
limited  to  all  pairs  or  all  individuals  in 
each  bank,  but  because  of  the  rea- 
sons for  using  one  or  the  other,  this 
would  rarely  be  an  issue.  One  limita- 
tion is  the  minimum  frequency  they 
can  generate.  Without  slowing  down 
the  processor  to  half  speed,  you  are 
limited  to  76  Hz.  This  can  cause 
problems  with  some  R/C  servos,  but 
so  far,  my  experience  has  been  okay. 
In  any  case,  if  it  is  a problem,  there 
are  the  timer  registers  that  can  also 
generate  PWM,  and  can  easily  go  as 
slow  as  necessary  to  drive  R/C  ser- 
vos. 

The  timer  module  is  hands  down 
the  most  versatile  part  of  the  IsoPod. 
Consisting  of  four  banks  of  timers 
(TA-TD),  it  can  generate  PWM,  read 
quadrature  encoders,  decode 
step/direction  signals,  count  pulses, 
or  measure  pulse  lengths.  For 
instance,  I have  an  application  that 
has  the  timer  unit  configured  to  read 
six  quadrature  encoders  into  32  bit 
counters,  and  perform  high-resolu- 
tion pulse  measuring  on  each 
encoder,  to  provide  ultra-high  resolu- 
tion velocity  information.  I have  yet 
to  scrape  the  surface  of  its  function- 
ality. Covering  an  address  space  of 
128  bytes,  it  is  quite  a bit  to  get 
acquainted  with. 

The  GPIO  module  is  fairly 
straightforward,  with  two  full  banks 
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of  eight  pins  each  available 
on  one  header,  and  a 
smattering  of  port  pins  on 
dedicated  connectors.  It 
is  fairly  generic  in  its 
implementation.  One  real- 
ly nice  feature  is  having 
three  LEDs  onboard  for 
debugging  purposes. 

The  analog  is  a bit 
more  complicated  than  the  GPIO,  but 
not  by  much.  It  is  comprised  of  two 
banks  of  four  12-bit  A/D  converters. 
They  are  a bit  persnickety  in  that  it  is 
recommended  they  only  be  used  in 
the  0-3.0  volt  range,  which  makes 
interfacing  voltage  output  sensors  a 
bit  of  a hassle.  But  that's  nothing  a 
voltage  divider  and  a bit  of  Ohm's 
Law  can't  handle. 

The  communications  sections 
are  also  really  quite  powerful.  To 
start,  there  are  two  asynchronous 
serial  ports  of  which  the  second  one 
can  be  ordered  as  standard  RS-232, 


RS-422,  or  RS-485.  The  one  draw- 
back here  is  that  the  highest  standard 
baud  rate  is  only  38400.  Nonetheless, 
having  two  hardware  based  serial 
channels  is  really  useful. 

There  is  also  a single  SPI  port 
which  can  run  at  up  to  20  MHz,  and 
can  be  configured  as  either  a master 
or  a slave.  On  its  connector,  there  are 
the  necessary  SPI  signals,  and  a cou- 
ple of  port  lines,  the  reset  line,  Gnd, 
+5,  and  +3.3  V.  This  makes  interfac- 
ing to  other  devices  really  easy. 

In  addition,  there  is  a basic  imple- 
mentation of  CANbus  on  board. 


While  not  a "full  implemen- 
tation", it  is  still  good 
enough  for  most  CANbus 
tasks  where  it  isn't  respon- 
sible for  being  the  master 
of  the  bus  where  a high 
level  protocol  is  being 
used.  This  really  isn't  an 
issue,  since  most  of  us 
won't  be  spending  the 
licensing  fees  to  implement  the  popu- 
lar CAN  protocols.  We  will  simply  be 
writing  our  own,  or  at  worst,  building 
slaves  that  do  follow  a higher  proto- 
col. In  any  case,  with  error  checking, 
checksumming,  automatic  re-trans- 
mission,  and  bus  conflict  arbitration, 
CANbus  holds  a lot  of  promise.  New 
Micros  was  even  good  enough  to  put 
a CAN  transceiver  chip  on  board. 

Now,  before  I delve  into  the  native 
language  of  the  IsoPod,  I want  you  to 
sit  back  and  ponder  what  you  can  do 
with  the  IsoPod.  Even  if  you  are  a 
dyed-in-the-wool  Intel,  Atmel,  PIC,  or 
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even  BASIC  Stamp  user,  the  different 
communications  methods,  combined 
with  its  full  set  of  hardware  features 
offered  on  the  IsoPod  make  it  the 
ideal  universal  peripheral.  You  could 
easily  use  it  as  an  R/C  servo  engine, 
quadrature  reader,  sensor  reader,  and 
spoon-feed  the  data  to  and  from  your 
microcontroller  or  microcomputer  of 
choice.  There  are  many  users  who 
have  gone  this  route,  then  find  them- 
selves handing  more  and  more  pro- 
cessing power  to  the  IsoPod. 

The  IsoMax  programming  lan- 
guage supplied  with  the  IsoPod  is 
really  quite  unique  as  well.  IsoMax  is 
actually  a superset  of  FORTH,  an 
arcane  and  venerable  language  often 
associated  with  users  who  have 
almost  a religious  reverence  for  it. 
While  covering  FORTH  is  beyond  the 
scope  of  this  article,  IsoMax  incorpo- 
rates enough  sufficiently  novel  con- 
cepts that  it  is  worth  mentioning. 

The  lack  of  FORTH's  popularity, 


in  my  opinion,  is  that  it  is  really  a lan- 
guage construction  set.  When  you 
define  a function,  you  actually  end  up 
factoring  it  into  common  elements, 
and  re-using  them  over  and  over 
again.  In  doing  this,  you  are  writing 
what  I call  MYFORTH,  and  every- 
body's MYFORTH  is  different.  Back 
when  everyone  was  trying  to  classify 
and  sort  the  different  languages  out 
there,  FORTH  was  left  looking  a bit 
chaotic.  This  has  lead  to  finding  doc- 
umentation difficult.  You  will  not  drive 
to  your  local  mall,  grab  a coffee,  and 
decide  which  FORTH  text  you  are 
going  to  buy.  Fortunately,  there  is 
enough  documentation  on  New 
Micros'  website  to  get  you  going. 

To  begin,  the  most  novel  thing 
about  IsoMax  is  the  fact  that  it  actual- 
ly lives  in  the  IsoPod  itself.  All  you 
need  is  a serial  port,  terminal  soft- 
ware, and  a power  supply.  I often  start 
a project  by  simulating  the  hardware 
on  my  desktop,  and  getting  the  bulk 


of  my  program  code  going  before  it 
even  sees  the  real  hardware  it  will  be 
working  with. 

The  other  truly  unique  thing 
about  IsoMax  is  that  it  is  multitasking, 
and  even  the  multitasker  is  imple- 
mented in  a unique  way.  The  multi- 
tasker is  actually  time-synchronous. 
What  this  means  is  that  you  establish 
a frequency  at  which  all  of  your 
processes  — called  virtual  machines 
— get  run,  and  the  multitasker  runs 
them  one  by  one,  in  the  order  you 
want  them  to  be  run.  In  essence,  you 
break  the  flow  of  time  into  granules. 
In  every  granule  of  time,  everything 
gets  done. 

Another  neat  thing  about  the 
multitasker  is  that  while  your  pro- 
grams are  running,  you  can  actually 
still  communicate  with  the  processor 
during  the  foreground  task  slice.  You 
can  set  or  read  registers,  change  the 
contents  of  variables,  even  write  new 
words  that  get  compiled. 
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This  does  take  a bit  of  getting 
used  to,  but  it  does  work  well  once 
you  get  the  hang  of  it.  One  potential 
drawback  of  this  method  is  synchro- 
nization to  other  hardware  that  oper- 
ates at  a different  (or  even  variable) 
period  than  the  IsoPod.  This  has  been 
overcome  by  adding  data  buffers  to 
the  serial  lines,  for  instance.  The 
buffer  stores  the  data  transparently  in 
the  background,  and  presents  it  to 
you  when  you  ask  for  it.  The  one 
exception  here  is  that  the  CANbus 
does  not  have  a buffer  like  this  in  the 
classical  sense,  but  it  does  receive 
eight  bytes  of  data  at  a time.  Since 
the  implementation  of  the  buffers,  I 
have  not  been  troubled  by  the  syn- 
chronous nature  of  IsoMax. 

This  brings  me  to  another  point. 
IsoMax,  currently  at  VO. 6,  is  a lan- 
guage in  flux.  While  I believe  it  is  fin- 
ished, it  is  not  fully  accessorized  to 
the  level  that  New  Micros  wants  it  to 
be.  This  means  that  improvements 
will  happen  and,  in  fact,  have  hap- 
pened through  the  versions,  but  the 
net  effect  is  always  a better  platform 
to  work  from. 

Because  the  sheer  volume  of  reg- 
isters for  hardware  access  is  mind 
numbing  at  times,  IsoMax  incorpo- 
rates very  high-level  object-oriented 
words.  I like  to  call  them  template 
words.  They  are  great  for  the  begin- 
ner, and  can  help  you  get  something 
up  and  running  quickly,  but  some  of 
them  are  notoriously  slow.  The  rea- 
son for  their  slowness  is  that  every 
time  you  use  them,  they  have  to 
"pave  the  way"  for  themselves.  They 
make  no  assumptions;  they  configure 
each  and  every  register  that  is 
required,  each  and  every  time  they 
are  called.  I usually  start  out  with 
them,  and  then  if  things  show  signs  of 
slowing  up,  I go  through  and  replace 
them  with  lower  level  code.  They  are 
also  handy  for  seeing  how  registers 
get  configured  when  you  use  them. 
This  makes  them  ideal  as  a teaching 
tool. 

Interestingly  enough,  IsoMax  also 
provides  words  called  trinaries  for 
working  with  numbers  at  the  bit  level 
that  are  lightning  fast.  Trinaries  allow 


you  to  read,  test,  and  set  registers  or 
other  memory  locations  at  the  bit 
level.  They  are  great  for  reading  but- 
tons or  registers,  or  changing  a regis- 
ter's contents  rapidly. 

Another  unique  thing  about 
IsoMax  is  the  way  it  handles  flow  con- 
trol. While  its  FORTH  underpinnings 
are  available  for  stodgy  FORTH 
users,  IsoMax  prohibits  the  use  of 
loops  in  procedural  sections  entirely. 
IsoMax  allows  you  to  have  running 
indexes  to  track  how  many  times 
things  have  been  run,  which  is  really 
the  essence  of  using  a loop.  In 
IsoMax™,  if  you  put  an  endless  loop 
inside  the  procedural  portion  of  a 
Virtual  Machine,  I guarantee  you  the 
system  will  crash. 

Another  interesting  addition  to 
IsoMax  is  finite  state  machine  flow 
control,  or  FSM.  This  is  a novel 
approach  to  programming  embedded 
systems,  and  has  real  applications  in 
the  fields  of  control  and  robotics. 
State  machines  perform  a function 
similar  to  if-then-else  statements,  but 
the  end  result  is  a direct  line  to  the 
output  you  are  interested  in,  not  a 
rat's  nest  of  multiple  nested  condition- 
als. This  results  in  easier  program- 
ming and  faster  program  execution, 
because  you  only  test  inputs  related 
to  a particular  state,  instead  of  all 
possible  inputs  and  computations 
every  time. 

In  IsoMax,  a Mealy  model  of  state 
machine  is  used,  as  they  tend  to  be 
more  efficient  in  the  number  of  states 
required.  But  Moore  model  machines 
can  also  be  simulated  in  the  lan- 
guage. State  machines  are  close  in 
concept  to  inference  engines  used  in 
expert  systems  and  Artificial 
Intelligence,  and  some  are  imple- 
mented that  way.  Today,  state 
machines  are  seeing  wide  usage  in 
the  video  game  industry,  and  are  par- 
ticularly useful  for  communications 
protocols,  and  compiler  design. 

Overall,  the  IsoPod  is  an  extreme- 
ly flexible  system  on  a board.  To  illus- 
trate this  point,  I have  shelved  my 
PICs,  68332s,  and  68HClls  in  favor 
of  the  IsoPod.  It's  the  micro  I like  to 
reach  for  first!  NV 
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Open  Communication 

ETHERNET  — PART 2:  Wireless  LANs 


In  the  last  Open  Communications 
column,  I covered  wired 
Ethernet.  This  is  the  universe's 
most  popular  local  area  network 
(LAN)  whose  physical  layer  (PHY)  or 
transmission  medium  is  usually  cate- 
gory 5 or  6 (CAT5/6)  twisted  pair  or 
fiber  optic  cable.  Now,  a wireless  ver- 
sion of  Ethernet  is  quickly  expanding 
Ethernet  LANs  and  creating  a whole 
new  way  to  access  the  Internet  from 
almost  anywhere. 

Known  by  its  IEEE  (Institute  of 
Electrical  and  Electronic  Engineers) 
standard  number  802.11,  wireless 
Ethernet  is  extending  the  LAN  outside 
of  the  enterprise  and  small  businesses 
into  homes,  airports,  restaurants, 
hotels,  and  many  other  public  areas. 
Like  the  cell  phone,  wireless  Ethernet 
lets  you  stay  in  touch  with  your  Email 
while  you  are  on-the-go  via  your  laptop 
or  PDA.  Wireless  Ethernet  is  certainly 
revolutionary  rather  than  evolutionary 
in  the  development  of  Ethernet. 

Background 

Radio-based  LANs  first  showed 
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up  in  the  mid-1980s  but  they  were 
large,  expensive,  and  had  low  data 
rates.  While  a few  companies  adopt- 
ed them,  it  has  not  been  until  the  late 
1990s  that  wireless  local  area  net- 
works (WLANs)  really  took  off  in  the 
marketplace.  What  made  the  differ- 
ence was  all  of  the  work  put  in  by 
companies  to  form  a universal  stan- 
dard that  could  be  used  world  wide. 

After  years  of  work,  the  IEEE 
WLAN  standard  802.11  was  ratified 
in  1997.  This  gave  us  1 and  2 Mbps 
(millions  of  bits  per  second)  connec- 
tivity. Then  in  1999,  a revised  stan- 
dard 802.11b  was  formalized.  That 
standard  — which  offers  an  1 1 Mbps 
data  rate  — made  wireless  Ethernet 
instantly  acceptable.  Today,  WLANs 
are  the  fastest  growing  segment  of 
the  electronics  industry. 
Furthermore,  even  newer,  faster  ver- 
sions have  been  developed, 
approved,  and  converted  into  rapidly 
selling  products. 

Another  reason  for  the  growth 
and  success  of  802.11  WLANs  was 
the  establishment  of  the  Wi-Fi 
Alliance.  Wi-Fi,  meaning  wireless 
fidelity,  is  the  trade  name  for 
the  organization  of  equip- 
ment, chip,  and  software 
companies  making  WLAN 
products.  While  the  exis- 
tence of  a standard  helps 
ensure  that  equipment  made 
by  one  company  works  with 
that  of  another,  it  is  no  guar- 
antee. As  it  turned  out  early 
on,  there  were  enough  inter- 
operability glitches  and 
issues  to  make  companies 
get  together  and  solve  these 


problems. 

The  Alliance  was  set  up  to  pro- 
vide testing  and  certification  of 
WLAN  products  to  ensure  interoper- 
ability. Companies  submit  their  prod- 
ucts to  Wi-Fi  for  testing  and,  if  they 
meet  the  rigid  specifications,  they  are 
blessed  with  the  Wi-Fi  label.  The  Wi- 
Fi effort  removed  the  last  doubt 
about  the  interoperability  of  WLAN 
products  from  one  vendor  to  another. 
The  market  blossomed  as  a result. 

The  acceptance  of  802. 1 1 prod- 
ucts has  increased  sales  exponential- 
ly over  the  past  several  years  thereby 
decreasing  prices  and  encouraging 
even  greater  adoption.  This  is  truly 
one  of  the  most  successful  wireless 
products  ever,  other  than  the  cell 
phone.  If  you  don't  know  about  or 
use  this  technology,  it’s  time  to  get 
on  board,  as  surely  it  will  affect  you 
or  provide  you  with  a communica- 
tions option  that  can  benefit  your  life. 

Benefits 

What  makes  WLANs  so  popular? 
It's  simple.  People  love  their  freedom 
and  mobility.  Just  as  most  of  us  have 
become  addicted  to  our  cell  phones, 
so  have  many  become  addicted  to 
Email  and  Internet  access.  It  is  a 
great  benefit  to  be  able  to  access 
your  Email  and  the  Internet  from  any- 
where with  your  laptop.  It  lets  those 
in  companies  move  from  office  to 
office  with  their  PC  and  it  allows  you 
to  take  your  laptop  to  meetings  in 
conference  rooms  and  other  offices 
without  losing  touch. 

In  addition,  you  can  now  use 
your  laptop  from  an  airport,  restau- 
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rant,  or  other  local  place  with  a wire- 
less connection.  At  home,  it  is  pure 
pleasure  to  do  any  computer  work 
from  your  deck,  patio,  or  easy  chair 
without  dragging  a long,  twisted  pair 
cable.  Flexibility,  mobility,  and  free- 
dom made  WLANs  the  reigning  LAN 
configuration. 

So,  as  companies  expand  their 
Ethernet  LANs,  they  are  going  wire- 
less. There  is  no  messy  and  expensive 
wiring  to  add  and  no  reconfiguration 
hassles  if  people  move  offices,  and  it 
adds  the  mobility  that  people  love. 
But  the  real  revolution  has  been  the 
development  and  deployment  of  pub- 
lic access  points  called  hot  spots. 
They  first  showed  up  in  airports  and 
now  most  major  airports  have  one  or 
more  such  access  points.  Hotels 
began  adding  hot  spots  about  the 
same  time  and  now  most  major 
chains  offer  this  as  a guest  benefit. 

Coffee  shops,  like  Starbucks,  also 
have  wireless  access.  Some 
McDonald’s  also  offer  this  service. 
And  it  is  becoming  more  popular  than 
ever  in  convention  centers.  Today,  we 
have  over  12,000  hot  spots  to  choose 
from,  but  some  projections  say  that 
we  can  expect  over  100,000  by  2007. 
Thanks  to  technology,  you  can  take  it 
with  you. 

How  it  Works 

Wireless  Ethernet  is  implemented 
with  sophisticated  microwave  radio 
transceivers.  Every  PC  or  server  con- 
tains a digital  two-way  radio  that 
sends  and  receives  Ethernet  format- 
ted data.  Also  known  as  radio 
modems  or  wireless  adapters,  these 
interfaces  appear  in  several  forms. 
They  can  be  plug-in  cards  for  regular 
desktop  PCs  or  PCMCIA  cards  for  lap- 
tops. See  Figure  1 . 

External  transceivers  that  con- 
nect via  a USB  port  are  also  available. 
Many  of  the  newer  laptops  come  with 
Wi-Fi  radios  built  in.  Intel's  widely  pro- 
moted Centrino  chip  set  is  an  exam- 
ple of  an  embedded  Wi-Fi  interface. 
Each  of  these  transceivers  forms  one 
node  in  the  LAN.  Finally,  there  is  the 
transceiver  that  is  part  of  what  is 


called  the  access  point  (AP).  Also 
known  as  a wireless  gateway  or 
router,  this  is  the  unit  that  services  all 
the  remote  transceiver  nodes.  Figure 
2 shows  a typical  home  networking 
access  point. 

In  a large  enterprise  or  small 
company  LAN,  the  AP  is  connected  to 
the  existing  wired  Ethernet  LAN  by 
the  usual  twisted  pair  line.  The  AP  is 
mounted  high  on  a wall  or  ceiling  so 
that  its  antenna  has  a good  "view"  of 
the  area  it  is  to  cover.  Then,  many 
radio  modem  equipped  PCs  or  lap- 
tops in  that  area  can  communicate 
with  the  LAN  via  the  gateway.  The 
radius  of  the  coverage  is  from  100  to 
300  feet,  depending  upon  the  environ- 
ment, especially  if  walls,  ceilings,  and 
floors  are  involved. 

The  connection  at  a hot  spot  has 
the  gateway  or  router  connected  back 
to  an  Internet  service  provider  (ISP), 
usually  by  way  of  a leased  T1  or  T3 
line.  At  home,  the  gateway  or  router  is 
usually  connected  to  a high  speed 
broadband  Internet  source,  such  as  a 
cable  TV  or  DSL  modem.  The  gate- 
way usually  provides  coverage  for  the 
whole  house. 

The  Standard 

The  802. 1 1 standard  is  not  just 
one  standard,  but  many.  By  far,  the 
most  popular  is  the  802.1  lb  standard 
that  almost  everyone  uses  today. 
802.1  lb  defines  what  we  call  the  PHY 
and  MAC  layers  of  a multilayer  proto- 
col scheme  that  Ethernet  uses.  PHY 


means  physical  layer,  which,  in  this 
case,  is  radio.  The  standard  defines 
what  we  call  the  air  interface.  The 
MAC,  or  media  access  control  layer, 
takes  care  of  all  the  addressing, 
formatting,  and  transmission  between 
the  air  interface  and  the  network. 

The  PHY  in  802.11b  uses  the 
unlicensed  2.4  GHz  industrial-scientif- 
ic-medical (ISM)  band  defined  in  the 
FCC's  Part  15  rules  and  regulations. 
This  band  is  83.5  MHz  wide  and  is 
divided  into  11  overlapping  22  MHz 
wide  channels.  Since  only  three  of  the 
channels  are  non-overlapping,  these 
are  the  only  useful  ones  that  do  not 
interfere  with  one  another.  Their  cen- 
ter frequencies  are  2.412,  2.437,  and 
2.462  GHz.  With  22  MHz  of  band- 
width, it  is  possible  to  achieve  a data 
rate  up  to  11  Mbps.  But,  of  course, 
that  data  rate  also  depends  upon  the 
range  of  transmission,  the  environ- 
ment, as  well  as  sources  of  interfer- 
ence and  noise. 

The  802.11b  standard  specifies 
the  use  of  direct  sequence  spread 
spectrum  (DSSS).  This  is  a technique 
that  takes  the  raw  serial  binary  data 
and  exclusive  ORs  it  with  a unique 
high  speed  chipping  code.  The  result 
is  a high  speed  serial  signal  that  is 
then  modulated  onto  the  carrier.  The 
802.11b  standard  specifies  multiple 
modulation  methods  depending  upon 
the  speed  of  transmission.  If  the  envi- 
ronment is  favorable  and  the  trans- 
ceivers are  within  range  and  noise  and 
interference  are  at  a minimum,  the 
maximum  data  rate  can  be  achieved. 
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802.11b  uses  complementary  code 
keying  (CCK)  to  get  11  Mbps.  This 
method  transmits  eight  bits  per  mod- 
ulation symbol  (carrier  phase). 

If  the  range  and  environment 
conditions  are  not  ideal,  the  speed  of 
the  radio  automatically  backs  off  a 
predetermined  lower  speed  to  ensure 
reliable  data  transmission.  This  lower 
speed  is  5.5  Mbps,  also  using  CCK.  If 
conditions  worsen,  the  speed  drops 
further  to  2 Mbps,  using  DQPSK  (dif- 
ferential quadrature  phase  shift  key- 
ing) or  a low  of  1 Mbps,  using  plain 
old  ultra  reliable  DBPSK  (differential 
binary  phase  shift  keying). 

As  for  range,  it  really  varies 
depending  upon  local  conditions. 
Normally,  microwave  transmissions 
are  strictly  line-of-sight  (LOS),  mean- 
ing that  the  receive  antenna  must 
"see"  the  transmitting  antenna. 
However,  if  sufficient  power  is  avail- 
able, the  signal  will  punch  through 
walls,  floors,  ceilings,  office  dividers, 
and  even  trees  and  other  buildings. 
Obviously,  the  signal  is  greatly  weak- 
ened as  it  passes  through  these 
obstacles. 

Range  is  also  a function  of  trans- 


mitter power  and  the  antenna.  With 
most  equipment,  you  can  rely  upon  a 
range  of  about  100  feet  radius  from 
the  gateway  antenna.  This  assumes 
an  omnidirectional  antenna  and  the 
standard  100  mW  of  transmitter 
power.  A directional  gain  antenna  will 
boost  the  range  significantly.  By 
using  more  power  and  a gain  anten- 
na high  up  and  in  the  clear,  you  can 
achieve  a range  up  to  several  miles. 
In  some  rural  communities,  802.11b 
Wi-Fi  networks,  with  higher  power 
and  high-mounted  outdoor  antennas, 
have  been  set  up  to  give  high  speed 
broadband  Internet  access  to  those 
without  cable  or  DSL  lines. 

A newer  standard  802.11a  was 
ratified  in  2001.  It  uses  the  FCC  des- 
ignated (J-NI1  or  Unlicensed  National 
Information  Infrastructure  band  in 
the  5 GHz  range.  This  band  is  far  less 
crowded  than  the  already  over  sub- 
scribed 2.4  GHz  band.  Besides 
microwave  ovens,  cordless  phones, 
Bluetooth  wireless  devices,  HomeRF 
wireless  networks,  and  now  jillions  of 
Wi-Fi  transceivers,  it  is  a miracle  that 
any  reliable  communications  can  be 
obtained  in  the  2.4  GHz  band. 


If  interference  is  a problem  as  it 
is  for  some,  the  802.11a  equipment 
gives  you  all  the  benefits  of  a WLAN 
and  with  even  higher  speed  and  virtu- 
ally no  interference.  Using  orthogo- 
nal frequency  division  multiplexing 
(OFDM)  — a form  of  wide  band  mod- 
ulation — speeds  up  to  54  Mbps  are 
possible.  The  range  is  a bit  less  at  5 
GHz  but  is  satisfactory  for  most  appli- 
cations. The  speed  backs  off  to  48, 
36,  22,  or  11  Mbps,  as  conditions 
deteriorate. 

The  most  recent  version  of  the 
standard  is  802.  llg,  which  was  rati- 
fied last  year.  This  version  specifies 
operation  in  the  2.4  GHz  band,  but,  by 
using  OFDM,  it  can  achieve  an  upper 
speed  of  54  Mbps.  And  it  is  fully  back- 
wards compatible  with  802.11b.  This 
option,  which  is  now  becoming  avail- 
able in  most  products,  gives  you 
802.11a  speed  over  802.11b  range. 
While  most  networks  and  hot  spots 
still  support  only  the  802.11b  stan- 
dard, many  will  soon  upgrade  to  the 
g version.  And  the  a version  will  also 
grow,  especially  in  companies  where 
interference  is  a problem. 

Chip  companies  are  recognizing 


°ge 


• Single  platform  for  802.11a/b/g  and  802. llg  solutions 

• No  cost  penalty  for  802.11a  support 

WaveLAN  is  a trademark  of  Agere  Systems  Inc. 


FIGURE  3.  Agere  Systems 
WaveLAN  chipset  for 
multimode  802. 1 I a/b/g  access 
points  and  interface  cards.The 
WL54040  is  the  dual  band 
(2.4  and  5 GHz)  transceiver 
with  direct  conversion  (zero  IF) 
for  CCK  operation  and  a low 
IF  for  OFDM. The  WL54240  is 
a dual  band  power  amplifier 
with  24  dBm  for  802. 1 Ig  and 
20  dBm  for  802.1  I a. The 
WL64040  is  the  multimode 
processor  that  handles  the  A 
to  D and  D to  A conversions 
between  the  transceiver  chip 
and  the  baseband  processor. 
This  chip  also  does  the  CCK 
and  OFDM  modulation  and 
demodulation. The  WL60040 
is  the  MAC  baseband  with  its 
own  embedded  processor  and 
provides  the  encryption,  as 
well  as  the  interfaces  to  the 
PCMCIA  or  CardBus,  USB  port 
or  other  PC  connection. 
Courtesy  Agere  Systems. 
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the  need  for  transceivers  that  comply 
with  all  three  standards  (a/b/g).  If  you 
truly  want  mobility  and  the  ability  to 
connect  to  anything  available,  you 
need  an  adapter  that  handles  all  of 
them  and  switches  automatically.  An 
example  of  a chipset  that  does  all 
three  is  Agere',  as  shown  in  Figure  3. 

But  that's  not  all.  The  IEEE  just 
recently  approved  a study  group  to 
develop  the  next  version  of  the  stan- 
dard. Tentatively  designated  802.1  In, 
this  new  standard  which  won't  be 
available  for  a few  years  promises 
data  rates  from  108  to  320  Mbps. 

Critical  Issue 

If  WLANs  are  so  great,  why  isn't 
everyone  using  them?  The  answer  to 
that  question  is  usually  one  word: 
security.  Almost  anyone  can  pick  up  a 
wireless  signal.  With  a sensitive 
receiver  and  a directional  antenna, 
you  can  easily  eavesdrop  on  almost 
any  WLAN.  If  you  are  transmitting 
sensitive  information,  this  is  not 
something  you  want  to  take  a chance 
on.  There  have  been  numerous  exam- 
ples of  hackers  sitting  in  a parking  lot 
of  a major  retailer  stealing  credit  card 
numbers  from  the  802.1  lb-based 
cash  registers  and  credit  card 
scanners. 

The  creators  of  the  802.11  stan- 
dard anticipated  the  security  problem 
and  provided  for  encryption.  Known 
as  Wireless  Equivalent  Protocol 
(WEP),  this  capability  is  built  into 
every  Wi-Fi  chipset.  It  does  provide  a 
minimum  data  encryption  process 
that  can  protect  most  information. 
WEP  is  not  turned  on  automatically, 
meaning  the  user  has  to  enable  it. 
For  that  reason,  most  users  don't  use 
it.  It  is  rarely  used  in  home  networks 
or  at  hot  spots.  Many  companies  do 
not  enable  it  despite  their  need  for 
security. 

WEP  has  also  proven  to  be  vul- 
nerable to  hacking.  Some  Wi-Fi 
vendors,  like  Cisco,  have  come  up 
with  their  own  security/encryption 
measures  like  the  Temporal  Key 
Integrity  Protocol  (TKIP).  The  Wi-Fi 
Alliance  developed  an  improved  inter- 


im solution  called  the  Wi-Fi  Protected 
Access  (WPA).  Both  of  these  are 
included  in  most  transceivers. 

The  IEEE  has  also  developed  new 
security  techniques  under  its  802.1  li 
standard  for  encryption  and  802.1  lx 
for  authentication.  If  that  is  not 
enough,  many  companies  have  imple- 
mented virtual  private  networks 
(VPNs),  a popular  technique  for 
securing  the  transmission  of  data  over 
the  Internet,  to  handle  their  wireless 
networks.  So,  while  security  is  an 
issue,  there  are  many  solutions  for 
those  who  want  and  need  to  send  sen- 
sitive data  over  their  WLAN. 

Antennas:  The  Key 
to  a Successful 
WLAN 

While  the  reliability  of  a wireless 
connection  depends  on  a variety  of 
factors,  many  of  them  are  beyond 
your  control.  Transmitter  power  is 
one.  With  most  units  you  get  the  max- 
imum allowable  power,  usually  100 
mW.  Next  is  AP  location.  You  can  con- 
trol this  to  some  extent.  You  should 
place  your  AP  high  and  in  the  clear  so 
it  sees  as  many  of  the  remote  nodes 
as  possible.  If  possible,  experiment 
with  the  location  of  the  access  point 
for  best  overall  results.  In  some  cases, 
you  may  find  that  you  need  more  than 
one  access  point.  This  is  especially 
true  in  large  companies  with  lots  of 
employees  and  space  to  cover. 

A real  help  for  those  installing 
multiple  APs  is  the  IEEE’s  newly 
approved  802. 3af  standard,  also 
called  Power  over  Ethernet  (PoE). 
This  standard  provides  a way  to  send 
a DC  voltage  over  the  standard  CAT5 
or  CAT6  twisted  pair  Ethernet  cable. 
In  this  way,  the  AP  does  not  need  a 
separate  AC  or  DC  power  source 
which  can  be  a problem  in  placing  an 
AP  in  an  optimum  location.  Most  of 
the  newer  access  points  now  come 
with  PoE  capability. 

One  thing  you  do  have  control 
over  in  your  AP  is  your  antennas. 
While  all  access  points  and  wireless 
adapters  come  with  an  antenna, 
sometimes  you  have  a choice.  Select 
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an  antenna  that  fits  your  plan.  An 
omnidirectional  unit  is  best  if  you 
have  lots  of  space  to  cover  in  all  direc- 
tions. But,  if  all  of  your  wireless  clients 
are  off  in  one  direction,  you  may  want 
to  consider  a directional  antenna  that 
focuses  power  where  you  need  it. 
Such  directional  antennas  exhibit 
gain  and  give  the  same  effect  as 
increasing  transmitter  power.  Some 
typical  directional  antennas  are  the 
ever  popular  Yagi,  as  well  as  vertical 
collinears  and  the  flat  patch 
antennas. 

Most  home  access  points  have 
dual  antennas  for  receive  diversity 
that  helps  improve  performance.  The 
antennas  are  spaced  from  one  anoth- 
er by  at  least  one  wavelength  and  the 
receiver  switches  between  them  to 
see  which  gives  the  best  signal.  Refer 
to  Figure  2 again.  After  market  anten- 
nas are  also  widely  available  so  if  you 
need  to  fix  a problem  or  improve  reli- 
ability, experiment  with  the  antennas. 

WLANs:  What's  in  it 
for  You? 

Actually,  there  is  something  for 
everyone.  If  you  are  thinking  of 
extending  your  company's  Ethernet 
LAN,  give  some  serious  thought  to 
802.11.  It  offers  many  benefits.  It 
improves  work  productivity  because 


of  the  mobility  it  provides.  You  can  do 
company  work  from  anywhere.  It  also 
simplifies  installation.  No  need  to  pull 
cables.  This  reduces  labor  and  mate- 
rials cost.  Free  space  is  ...  duh  ...  free. 
Users  can  move  offices  or  do  work 
wherever.  And  the  network  also 
scales  better  as  the  number  of  users 
grows. 

As  an  individual,  you  may  want 
or  need  the  ability  to  work  while  trav- 
eling. Road  warriors  — those  people 
who  travel  frequently  for  their  compa- 
nies — are  real  big  fans  of  WLANs 
because  they  can  stay  in  touch  by 
laptop  and  hot  spots  with  Email  and 
have  Internet  access  virtually  any- 
where. Even  some  new  PDAs  are  get- 
ting Wi-Fi  capability  thanks  to  the 
lower  power  chipsets.  If  you  don't 
have  Wi-Fi  service  now,  you  will  find 
that  your  productivity  will  increase 
tremendously  on  the  road  if  you  do. 

For  consumers,  a WLAN  is  also  a 
viable  option.  The  cost  of  setting  up  a 
home  network  with  Wi-Fi  is  less  than 
$200.00  today  and  getting  lower.  You 
can  get  a wireless  access  gateway  or 
router  for  under  $100.00  if  you  shop 
around.  Add  a few  bucks  more  for  the 
adapter  card  and  you  are  on  your 
way.  No  need  to  do  any  wiring.  If  you 
have  a laptop,  be  prepared  to  rapidly 
get  addicted  to  the  freedom  that  wire- 
less provides. 


P.S.  I've  been  writing  this  column 
for  over  a year  now.  I have  lots  of  great 
ideas  for  future  installments,  but  I 
would  like  to  hear  what  you  want  to 
read  about.  Do  you  want  more  tutori- 
al articles,  like  how  spread  spectrum 
or  OFDM  work,  or  would  you  like  to 
see  more  hands-on  construction/ 
applications  articles  on  wireless? 
What  about  ham  radio  or  SWL?  Drop 
me  a line  via  Email  (lfrenzel@sbc 
alobal.net)  and  give  me  your  wish 
list.  NV 
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Stamp 


by  Jon  Williams 


Putting  the  Spotlight  on  BASIC  Stamp  Projects,  Hints,  and  Tips 

Stamp  Applications 

Makin’  It  Motorized 


From  discarded  toy 
— to  mobile  robot! 

I don't  know  about  you,  but  I'm 
still  exhausted  by  last  month's 
column  — wow,  that  was  a real 
workout,  wasn't  it?  I do  hope  you 
found  it  useful  though.  This  month, 
we're  going  to  go  a lot  easier,  but 
still  have  a bunch  of  fun!  And  after 
its  terrific  comeback  the  last  couple 
of  months,  we're  going  to  have  that  fun  with  the  venerable 
BASIC  Stamp  1. 

There's  no  denying  that  personal  robotics  is  one  of 
the  fastest  growing  aspects  of  hobby  electronics.  There 
are  clubs  all  across  the  globe  devoted  to  it,  and  each  week 
seems  to  bring  another  television  show  with  robotics  as  its 
centerpiece.  An  easy  way  of  getting  started  in  homegrown 
robotics  is  to  convert  an  existing  motorized  toy.  They're  all 
over  the  place,  in  fact,  your  family  may  have  a few  left 
over  from  the  holidays  that  no  longer  seem  interesting. 
Why  not  spice  up  an  old  toy  with  a brain  you  can  program 
yourself?  Okay,  then,  let's  do  it. 

Micro  Motor  Control 

Since  virtually  all  motorized  toys  use  small  DC 
motors,  and  controlling  them  requires  full-time  PWM  that 
we  can't  do  natively  with  the  Stamp,  we'll  use  an  external 
motor  controller.  Pololu  Corporation  makes  and  sells 
components  devoted  to  small  robotics  and  their  Micro 
Dual  Serial  Motor  Controller  is  perfect  for  our  task  of  con- 
verting a motorized  toy.  The  SMC02  accepts  instructions 
through  a serial  connection  and  will  control  two  motors 
(speed  and  direction).  Motor  voltage  can  be  from  1.8  to  9 
volts,  with  currents  up  to  one  amp  per  motor!  This  little 
dude  rocks.  And  little  is  accurate;  you  can  see  what  it  looks 
like  in  Figure  1 next  to  a penny  and  a BS1-IC  module. 

Let's  get  right  into  it.  A typical  first  robotic  project  is 
a "bumper  bot"  — the  kind  of  robot  that  when  it  bumps 
into  an  obstacle  will  turn  away  and  then  keep  moving. 
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There  are  BS2  examples  of  this 
kind  of  robot  everywhere;  I wanted 
to  see  if  there  was  enough  space  in 
the  BS1  to  pull  it  off.  As  it  turns 
out,  there  is  with  room  to  spare, 
which  means  we  can  add  more 
"intelligence"  to  our  robot  once  we 
get  in  going. 

Figure  2 shows  the  schematic 
for  our  simple  robot  controller.  Two 
pins  are  used  to  communicate  with 
the  Pololu  controller  (SMC02),  two 
others  for  our  bumper  inputs 
(using  our  standard  "safe"  circuit).  The  first  control  line  to 
the  SMC02  is  the  serial  connection.  The  SMC02  will 
automatically  detect  baud  rates  from  1200  to  19.2  kBaud. 
As  our  top-end  limit  on  the  BS1  is  2400,  that's  what  we'll 
use.  The  second  line  controls  the  Reset  input  to  the  SMC02. 
Using  the  hard  reset  line  will  let  us  stop  both  motors  at  once 
when  required  without  having  to  send  serial  commands. 

While  interfacing  to  the  SMC02  is  simple  and  straight- 
forward, it  is  very  specific.  Let's  have  a look  at  the  set-up 
portion  of  the  program: 

Setup : 

HIGH  SQut 
GQSUB  Reset_SMC 


Reset_SMC: 

LOW  Reset 
PAUSE  1 
HIGH  Reset 
RETURN 

The  first  line  sets  the  idle  state  of  the  serial  connec- 
tion. Since  we're  using  a "true"  mode,  this  is  important  so 
that  the  start  bit  (high-to-low  transition)  of  the  first  trans- 
mission is  properly  detected.  Next,  the  controller  is  reset 
by  taking  the  Reset  input  low  and  holding  there  for  a mil- 
lisecond before  retuning  it  high.  The  Pololu  docs  suggest 
that  one  millisecond  is  overkill,  but  I found  that  at  least 
one  millisecond  was  required  for  proper  operation. 

Okay,  the  robot  is  now  ready  to  run.  Since  our  only 
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inputs  are  the  bumpers,  we'll  use  them  as  an  indicator  to 
start  running  the  program. 


are  only  connections  for  two.  If  you  need  to 
control  more  than  two  motors,  you  can  get 
additional  modules  that  will  respond  to  dif- 
ferent motor  number  sets.  The  standard  unit 
has  a "-1 " at  the  end  of  the  part  number. 
Additional  units  are  labeled  "-2",  "-3",  and  so  on. 

To  simplify  our  program,  we  can  create  a set  of  con- 
stants for  each  motor  (left  and  right)  and  for  each  direction. 


Wait_For_Start : 

GOSUB  Get_Bumpers 

IF  bumpers  = %11  THEN  Wait_For_Start 
PAUSE  1000 


SYMBOL  MLFwd  = %11 
SYMBOL  MLRev  = %10 
SYMBOL  MRFwd  = %Q0 
SYMBOL  MRRev  = %01 


Get_Bunpers : 

bumpers  = PINS  & %GOQOOOU 

RETURN 

We  start  by  scanning  the  bumpers  — a very  simple 
task.  You  may  wonder  why  I would  devote  a subroutine  call 
to  what  is,  essentially,  a single  line  of  code.  The  answer  is 
optimism.  Huh?  Well,  I'm  pretty  sure  I'm  going  to  do  other 
things  with  this  core  code,  so  I can  simply  update  this  sec- 
tion using  different  sensors  without  upsetting  the  rest  of  the 
program.  Okay,  to  collect  the  state  of  the  bumpers  we  will 
read  the  Stamp  input  pins  and  mask  those  that  aren't  used 
(Bit2-Bit7). 

Since  our  inputs  are  active-low,  we'll  get  a value  of  %1 1 
in  bumpers  when  there  is  no  contact.  If  this  is  detected  at  the 
start,  we  will  loop  back  to  Wait_For_Start  until  one  or  both 
inputs  change.  Once  a bumper  input  is  detected,  the  program 
delays  for  one  second  to  let  us  get  our  hand  out  of  the  way. 

And  now  we  get  to  the  heart  of  the  program.  Before  we 
do,  let's  look  at  the  serial  communication  between  the 
Stamp  and  the  Pololu  Motor  Controller.  Communication 
takes  place  in  four-byte  packets  like  this: 

SEROUT  SOut,  Baud,  ($80,  $00,  control,  speed) 

The  first  byte  of  the  packet  is  a sync  byte  and  will 
always  be  $80.  The  second  byte  identifies  the  device  type 
and  will  be  $00  for  motor  controllers.  The  third  byte  — con- 
trol — identifies  the  motor  number  and  direction  (more  in  a 
second),  and  finally,  the  fourth  byte  holds  the  speed  (0- 127). 

The  control  byte  holds  the  motor  direction  in  bit  0 ( 1 = 
forward,  0 = reverse)  and  the  motor  number  affected  by  the 
command  in  bits  1-6  (see  Figure  3).  It  may  seem  odd  that 
there  are  six  bits  (0-63)  for  the  motor  number  when  there 


The  reason  for  the  apparent  contradiction  of  the  direc- 
tion bit  for  the  right  motor  is  that  the  motors  installed  in  a 
robot  are  flipped  180  degrees  of  each  other.  In  order  to  make 
the  robot  go  in  one  direction,  the  motors  must  spin  opposite 
each  other.  If  both  motors  were  going  forward  or  reverse,  the 
robot  would  just  spin  in  place  (we  use  this  fact  for  turning). 

Okay,  then,  the  rest  of  the  code  should  be  easy  to 
understand  and  it's  fairly  modular,  so  we'll  go  through  it  a 
section  at  a time. 

Main: 

GQSUB  Get_Bumpers 

IF  bumpers  = %11  THEN  Accelerate 

GOSUB  Reset_SMC 

speed  = SpdMin 

PAUSE  10 

BRANCH  bumpers,  (BackjOut,  Right,  Left) 

GOTO  Main 

The  purpose  of  the  main  loop  is  to  scan  the  sensors 
and  BRANCH  to  the  code  section  that  handles  robot  direc- 
tion control.  The  first  check  is  for  a bumper, s value  of  %1 1 
which  means  no  sensor  contact.  When  there  is  no  sensor 
contact,  we  will  continue  forward  and  accelerate  if  not 
already  at  top  speed.  When  a bumper  input  is  detected,  the 
SMC02  will  be  reset  to  stop  both  motors,  the  robot  speed 
will  be  reset  to  its  minimum,  and  BRANCH  is  used  to 
select  the  object  avoidance  code. 

Accelerate : 

speed  = speed  + SpdRamp  MAX  SpdMax 
SEROUT  SOut,  Baud,  ($80,  0,  MLFwd,  speed) 

SEROUT  SOut,  Baud,  ($80,  0,  MRFwd,  speed) 

PAUSE  50 
GOTO  Main 
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When  the  robot  isn't  bumping  into  things,  it  will  be 
allowed  to  accelerate.  The  speed  is  increased  up  to  the 
SpdMax  constant  by  the  value  set  in  SpdRamp.  We  can 
control  the  acceleration  by  modifying  SpdRamp,  the 
delay  time,  or  both. 

Our  biggest  chunk  of  work  will  come  when  we  run 
head  on  into  an  object;  this  is  indicated  by  activity  on  both 
bumpers.  What  we'll  want  to  do  is  back  up,  turn  out,  and 
then  start  again. 


Back_Qut: 

SEROUT  SQut,  Baud, 
SEROUT  SQut,  Baud, 
PAUSE  250 
GOSUB  Reset_SMC 
SEROUT  SOut,  Baud, 
SEROUT  SQut,  Baud, 
PAUSE  500 
SEROUT  SOut,  Baud, 
GOTO  Main 


, MLRev,  speed) 
, MRRev,  speed) 


, MRFwd,  speed) 


This  simple  program  uses  a fixed  turn  time  which  will,  of 
course,  require  adjustment  for  each  robot's  specific  mechan- 
ics (wheel  size).  A bit  of  interest  can  be  added  by  randomiz- 
ing this  delay  beyond  a specified  minimum;  this  will  make  the 
robot  look  slightly  more  organic  in  its  behavior. 

Turning  left  or  right  based  on  a single  bump  input  is 
very  easy.  The  motors  already  been  stopped,  we  simply 
have  to  reverse  the  motor  opposite  the  active  sensor,  and 
then  proceed  forward  again. 


MRRev,  speed) 


, MLRev,  speed) 


Right: 

SEROUT  SOut,  Baud,  ($80,  I 
PAUSE  200 
GOTO  Main 

Left: 

SEROUT  SOut,  Baud,  ($80,  ( 
PAUSE  200 
GOTO  Main 


Once  again,  the  size  of  the  wheels  on  our  robot  will 
affect  how  quickly  it  spins  so  we  may  need  to  adjust  the 
delay  timing.  Remember  that  we  can  "tune"  the  robot's 
behavior  by  adjusting  movement  delays  and  speed  values. 
One  note  is  that  — depending  on  the  size  and  weight  of  your 
robot  — you  may  need  to  adjust  the  SpdMin  constant.  Some 
robots  will  need  just  a little  more  oomph  to  get  started. 

And  there  you  have  it;  a simple  "bumper  bot"  using 
the  BS1  — and  only  about  half  the  code  space  at  that. 
What  this  means  is  that  we  have 
ample  room  to  add  different 
"behaviors"  to  the  robot.  Let's  take 
a look  at  one  such  behavior. 


Photocell  Input 


Go  to  the  Light  ... 

In  nature,  there  are  animals 
that  seek  light  (like  moths  to  a 
flame).  We  can  mimic  this  behav- 


ior in  a robot,  and,  when  we  do,  we  call  the  robot  a pho- 
tovore.  As  our  eyes  detect  light,  we  can  use  a photocell  to 
detect  light  levels  for  the  robot.  By  using  two  sensors,  we 
can  compare  the  light  levels  of  each  and  determine  the 
direction  the  robot  should  move  to  seek  the  light. 

Figure  4 shows  the  connection  of  a single  photocell  to 
the  BS1  that  will  be  read  with  the  POT  function  (we'll  need 
two  of  these  circuits  for  our  robot  "eyes").  Note  that  the 
configuration  of  the  RC  components  is  different  that  those 
used  with  the  BS2's  RCTIME  function.  The  reason  for  this 
is  that  POT  actually  does  more  than  RCTIME.  The  POT 
function  charges  the  capacitor  by  taking  the  specified  pin 
high  for  10  milliseconds.  It  then  starts  a timer  and  active- 
ly discharges  the  capacitor  by  taking  the  pin  low  momen- 
tarily, then  changing  it  to  an  input  and  checking  to  see  if 
the  capacitor  voltage  has  dropped  below  the  pin's  switch- 
ing threshold.  Scott  Edwards  wrote  a very  detailed  descrip- 
tion of  POT  versus  RCTIME  back  in  Column  #15  (May 
1996  — If  you  don't  have  the  issue,  you  can  download  the 
column  as  a PDF  from  the  Nuts  & Volts  website). 

In  order  to  experiment  with  photovore  code,  I created 
a test  program.  1 will  leave  it  to  you  to  fold  it  into  your 
robot.  The  reason  I created  an  experiment  program  to 
share  here  is  that  I want  to  encourage  you  to  do  the  same 
thing  with  your  projects.  Yes,  I am  a very  big  proponent  of 
knowing  the  outcome  of  a project  (having  a specifica- 
tion), but  we  don't  have  to  get  there  in  one  step.  I frequent- 
ly get  requests  for  assistance  from  youngsters  who  are 
just  starting  out  and  trying  to  solve  everything  at  once. 
I'm  like  a broken  record  and  will  continue  to  suggest  that 
we  work  with  intermediate  or  experimental  programs 
before  "going  for  the  gold." 

Okay,  so  what  do  we  want  to  do?  Knowing  that  the 
more  light  on  the  photocell  will  cause  its  reading  to  fall,  we 
will  read  both  sensors  and  move  in  the  direction  of  the 
smallest  reading.  That's  the  broad  stroke.  What  we'll  find, 
however,  is  if  our  logic  remains  that  simple,  the  robot  will 
be  too  sensitive  and  will  appear  "twitchy."  We  solve  the 
twitch  by  adding  a threshold  to  the  readings;  that  is,  the 
difference  between  the  two  readings  must  exceed  a certain 
threshold  before  we  actually  move.  This  helps  accommo- 
date differences  in  components  and  smoothes  things  out. 

Finally  — and  I only  learned  this  after  running  the  pro- 
gram a while  — we  need  to  accommodate  the  sensors  being 
subjected  to  conditions  where  the  readings  will  fall  to  zero. 
Due  to  the  component  values  used,  this  can  happen  in  total 
darkness  or  when  the  sensor  is  bom- 
barded by  bright  light  (swamped). 

Before  we  get  into  the  code, 
we  need  to  run  a calibration  pro- 
gram to  determine  the  scaling  factor 
required  by  the  POT  command.  Like 
RCTIME,  POT  reads  a 16-bit  value 
but  it  will  scale  it  to  8-bits  for  the  pro- 
gram. The  idea  is  to  set  the  scaling 
factor  such  that  the  maximum  value 
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of  the  POT  function  is  255. 

After  connecting  our  POT  cir- 
cuit, we'll  select  Pot  Scaling  from 
the  editor's  Run  menu  (Note:  This 
feature  became  available  in  Version 
2.1,  Beta  1).  Figure  5 shows  the  dia- 
log for  POT  Scaling.  We  must  first 
select  the  POT  pin  from  a drop- 
down. Then  when  we  click  Start,  a 
short  program  will  be  downloaded 
to  the  Stamp  (yes,  this  overwrites 
the  current  program).  Normally,  we  would  turn  the  pot 
until  we  get  the  lowest  reading  in  scaling  factor.  Since  we're 
using  a photocell,  we  adjust  its  value  by  shading  it  from 
light.  I decided  to  use  a translucent  foam  cup  over  my  com- 
ponents to  determine  the  scale  level  (max  resistance). 

I applied  the  same  scale  factor  to  both  circuits  and 
found  that  1 got  significantly  different  values  given  the 
same  light  level  (both  covered  with  the  foam  cup).  To 
adjust  for  component  differences,  I tweaked  the  scaling 
factor  of  the  second  "eye"  circuit  until  both  sensors 
returned  the  same  value  under  the  same  lighting. 

Okay,  let's  look  at  the  code: 

Read_Eyes : 

POT  EyeL,  145,  IfEye 
POT  EyeR,  175,  rtEye 
DEBUG  CLS,  IfEye,  CR,  rtEye,  CR 

Check_Eyes : 

IF  IfEye  = 0 AND  rtEye  = 0 THEN  Is_Dark 
IF  rtEye  < IfEye  THEN  Is_Right 


Under  most  conditions,  we'll 
have  at  least  one  photocell  read- 
ing, so  we  do  a comparison  to  see 
which  side  is  getting  the  most  light 
(it  will  have  the  lowest  value).  Let's 
assume  that  the  left  photocell  had  a 
lower  reading  and  go  through  that 
section  of  code.  The  code  for  the 
right  side  works  identically. 

We'll  assume  that  the  thresh- 
old is  going  to  be  exceeded  and 
preset  the  move  variable  to  left  (%10).  Next,  we  check  the 
value  of  the  left  photocell.  If  it's  zero  (swamped),  there  is 
no  need  to  check  the  threshold  and  we  can  exit.  If  it  is  not 
swamped,  we  will  subtract  the  right  photocell  reading  from 
the  left  and  compare  the  result  against  the  threshold.  If  the 
threshold  is  exceeded,  we  exit,  otherwise  the  move  variable 
is  set  to  forward  (%00).  Since  this  is  a demo  program,  we 
should  have  some  code  to  show  us  what's  happening  with 
the  sensors.  Here's  a short  bit  of  code  to  do  that: 

Main: 

GOSUB  Read_Eyes 

BRANCH  move,  (Go_Straiglat,  Gq_Right,  Go_Left, 
Sr.ay_Still) 

GoJStraight : 

DEBUG  "Straight" 

GOTO  Main 

Go_Right : 

DEBUG  "Right" 

GOTO  Main 


IS_Lef t : 
move  = %10 

IF  IfEye  = 0 THEN  Eyes_Done 

IfEye  = rtEye  - IfEye 

IF  IfEye  >=  Threshold  THEN  Eyes_Done 

move  = %00 

GOTO  Eyes_Done 

Is_Jtight : 
move  = %01 

IF  rtEye  = 0 THEN  Eyes_Done 

rtEye  = IfEye  - rtEye 

IF  rtEye  >=  Threshold  THEN  Eyes_Done 

move  = %00 

GOTO  Eyes_Done 

Is_Dark: 
move  = %11 

Eyes_Done: 

RETURN 

The  code  starts  by  reading  each  "eye"  into  its  own  vari- 
able and  displaying  the  readings  in  the  DEBUG  window. 
Then  we  check  to  see  if  both  values  are  zero;  this  will  happen 
in  total  darkness  (due  to  the  POT  function  timeout)  or  when 
both  photocells  are  swamped  with  light.  In  either,  case  we 
want  the  robot  to  hold  still.  Setting  the  move  variable  to  %1 1 
tells  our  main  code  that  this  is  the  case. 


Go_Lef t : 

DEBUG  "Left" 

GOTO  Main 

S:.ay_Stil.l : 

DEBUG  "Holding. . . " 

GOTO  Main 

There's  no  magic  here,  we're  simply  using  BRANCH 
to  jump  to  code  that  will  display  the  direction  of  robot  trav- 
el. This  lets  us  test  our  "robot  eyes"  on  a breadboard.  Bend 
the  photocell  leads  so  that  they're  oriented  on  the  horizon- 
tal plane,  and  then  turn  them  out  from  each  other  to 
expand  the  field  of  view.  By  shining  a flashlight  spot  in 
front  of  the  photocells,  the  DEBUG  window  will  show  the 
robot's  movement  behavior. 

All  that's  left  to  do  is  replace  the  DEBUG  statements 
with  appropriate  motor  controls  (and  you  know  how  to  do 
that)  to  create  a robotic  photovore  — kind  of  like  an  elec- 
tronic kitten  (cats  love  to  chase  flashlight  spots),  only  this 
one  won't  scratch  furniture  or  need  a litter  box! 

Well,  I told  you  we'd  take  it  easy  this  time,  and  hopeful- 
ly you  agree  with  me  that  this  was  no  less  fun  that  we  usu- 
ally have.  Modifying  an  existing  motorized  toy  is  a great  way 
to  get  kids  into  robotics  — no  matter  what  their  age. 

Until  next  time,  Happy  Stamping.  NV 
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EDUCATION  KIT  FOR 
CLOSED-LOOP  CONTROL 

The  Flextek  Education  Kit  is  a low-cost  system  that  pro- 
vides an  intuitive  feel  to  closed-loop  control  while 
demonstrating  Visual  Basic  programming,  SPICE  simula- 
tion, PIC  micro  familiarization,  and  general  electronic  prin- 
ciples. The  kit  includes  a PC-based  controller  with  mating 
infrared  experiment  board,  closed-loop  control  software 
with  tutorial  and  application  notes,  serial  data  cable,  and 
power  adapter.  Visual  Basic  code  demonstrates  variable 
gain  Proportional-Integral  control  of  an  IR  emitter-sensor 
pair  with  strip  chart  for  stability  evaluation.  The  IR  circuit 
reacts  to  external  light  or  shadowing  and  has  visual  LED 
feedback  to  provide  an  intuitive  "touch  and  feel"  for  exper- 
iments. The  digital  controller  is  converted  to  an  equivalent 
analog  circuit  for  loop-gain  simulation  in  SPICE  to  gain  a 
clear  understanding  of  critical  principles.  Schematics  sug- 
gest additional  experiments  for  motion,  thermal,  and  light- 
ing control. 

After  experimentation,  the  controller  is  suitable  for  a 
variety  of  industrial  tasks  powered  by  a free  Active  X 
Control.  The  Flextek  Education  Kit  FCED010  is  available 
now  from  Flextek  Electronics  for  $99.50  each  at  their 
website. 


For  more  information,  contact: 

FLEXTEK  ELECTRONICS 

3 15B  Walnut  Ave. 

Carlsbad,  CA  92008 

760-224-7637  Fax:425-491-5601 
Email:  dicaldwell@flex-tek.com 
Web:  www.felx-tek.com 


THE  NEW  SERIAL  PROGRAMMER 


rhe  new  meLabs  Serial 
Programmer  connects  to  a 
PC  serial  port  and  allows  you 
to  program  most  PIC  micro- 
controllers, including  the 
\PIC12Cxxx,  12CExxx, 
12Fxxx,  14000,  16C43x, 
16C505,  16C55x,  16C6xx, 

16C7xx,  16C84,  16C92x,  16CE62x, 
16Fxxx,  17C7xx,  18Cxxx,  and  18Fxxx 

devices. 

The  programmer  is  designed  with  in-circuit 


Surplus  Sales  of  Nebraska 


Airpax  Thermal  Switch 

(SWH)  67L090 

Thermal  Switch  made  by  Airpax.  Opens 
on  temperature  rise  @ 90°C  +-  5°.  1 
amp.  90°  N/C.  TO-220.  $6 

Jden  Connector  Set 

(bNE)  602-303 

Braftd  new  connector  set!!  30kv  version 
of'Our  famous  Alden  Connector  set.  24” 
panel  mount  female  and  48” 
long  on  male  lead.  Female  body  1/2” 
OD,  1-1/2”  long  ahead  of  flange,  1-3/4” 
behind,  3-3/8”  overall.  Male  plug  2-1/2” 
long.  $29 


Replacement  Fan  for  PC 

(FAN)  CRO412HB-C50 
Comain-Rotron  032622  Flight  LT.  12 
vdc,  .15a,  1.43w,  8500  rpm  brushless 
fan.  Ball  bearings.  35.8  dBA.  10.8  cfm  @ 
.315”  static  pressure.  1.57”  x .79”  wide. 
40mm  x 20mm  (with  2 pin  plug).  $5 


Silver  Bearing  Solder 

(ADH)  24-7040-8807 
Lead-Free  High  Temperature  Solder 
made  by  Kester.  221  °C  melting  point. 
Consists  of  96.5%  Tin  / 3.5%  Silver. 
.020"  diameter  wire.  No  Clean-up!!  $25 


Visit  our  website  @ 

www.surplussales.com 


s:  Many  small 

w\  sizes  available. 

Bemi/RFI  Filters:  Single  Phase  / Three 
Sr  Phase  & Single  Lead  styles. 

^Chassis  Slides:  Many  styles  from  7”  to 
■124’  length  closed. 

J Projector  Lamps:  Incandescent,  quartz, 
| tungston  halogen. 


gVariacs:  From  3 amps  to  245  amps. 

King  and  heating  / cooling. 

IRFConnectom:  BNC,  UHF,  N,  C,  DIN, 
HN,  LC,  MHV,  D-SUB,  GR,  MB,  Microdot, 
SMA,  SMB,  SLB,  SMC,  TNC,  Twinax. 
i]  Collins  Parts:  For  Amateur  and  Military. 


Please  visit  our  website  with  over  2000  pages  and  10,000  images 

www.surplussales.com 


[ Magnet  Wire:  By  the  foot,  sizes  8 thru  28. 

Electrical  Fuses:  HV,  Low  current,  Pigtail, 
■3  AG,  Cartridge. 

» jCaddock  High  Voltage  Resistors 


^Fujitsu  Pen  Computers:  Four  models  to 
choose  from. 

^^g^Microphones:  Commercial,  Military  & 
f'jElements. 

m feedlines  & electrical. 

SB  end  insulators. 

I jjjgg  HI  Manuals:  1 ,000s  of  radio,  military  and 
I test  equipment  manuals  on  hand!! 
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Visa,  Mastercard,  American  Express  or  Discover  • Call  or  e-mail  for  shipping  and  total  charges 
All  SPECIALS  in  this  Ad  only  good  for  30  day  advertising  cycle.  No  exceptions  please. 


800-244-4567  • 402-346-4750 


FEBRUARY  2004 


New  Product  News 


programming  in  mind.  It  features  a convenient  10-pin 
header  that  can  be  connected  to  a target  board.  This 
allows  you  to  update  a PIC's  memory  without  removing  the 
device  from  the  board.  This  speeds  the  development 
process  and  allows  you  to  program  a surface  mount 
device  that  is  soldered  in  place. 

The  programmer  isn't  limited  to  in-circuit  operation.  A 
large  selection  of  adapters  is  available  for  programming 
individual  PICs.  The  programmer  is  available  with 
accessories,  including  an  adapter  for  8-pin  through  40-pin 
DIP  packages.  Optional  ZIF  adapters  support  surface- 
mount  and  PLCC  devices  with  up  to  80  pins. 

Windows  software  is  included  with  the  programmer.  It 
accepts  standard  Microchip  format  .HEX  files  that  are 
generated  by  MPLAB,  C compilers,  and  BASIC  compilers. 
Command  line  options  allow  the  programmer  to  be 
controlled  from  a batch  file  or  shortcut  for  production  use. 

The  software  is  loaded  with  selectable  options, 
allowing  you  to  customize  your  interaction  with  the 
programmer.  A detailed  memory  view  shows  you  each 
section  of  the  memory  in  the  PIC.  The  PIC's  configuration 
bits  can  be  set  with  convenient  dropdown  selections.  The 
list  of  configuration  settings  is  updated  automatically  when 
you  select  a device,  so  the  list  you  see  is  tailored  to  the  PIC 
you  are  programming. 


The  meLabs  Serial  Programmer  with  accessories 
retails  for  $119.95.  This  includes  the  programmer  board, 
software,  ZIF  adapter  for  8-pin  through  40-pin  PICs,  AC 
power  adapter,  and  9-pin  serial  cable. 


MICROENGINEERING  LABS,  INC. 

PO  Box  60039 
Colorado  Springs,  CO  80960 

719-520-5323  Fax:719-520-1867 
Web:  www.melabs.com 


LOW-COST  MC9SI2C32  MCU 
MODULE  DOUBLES  AS 
EVALUATION/TRAINING 

PLATFORM 

ichnological 
Arts  has 
launched  two 
new  MCU  prod- 
ucts, broadening  its 
highly  popular  line  of 


DATA  ACQUISITION  INVENTORY  CONTROL 


WIRELESS  RF  MODULES 

Transmitters,  Receivers, Transceivers, 
High  Speed,  Long  Range,  UHF  Modems 
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modular  microcontroller  boards. 

Offering  engineers  and  educators  a versatile  and 
economical  platform  for  evaluating  and  applying 
Motorola's  latest  HCS12  microcontroller  offering, 
M68MOD912C32  and  M68DKIT912C32  smooth  the 
migration  path  from  development  to  product 
implementation/production.  Because  the  same  core 
module  used  in  the  evaluation  phase  is  economical 
enough  to  be  incorporated  into  the  end  product,  time  to 
market  for  commercial  applications  is  shortened 
considerably.  Motorola  has  built  the  MC9S12C  MCU  family 
with  a high-speed,  low-voltage  16-bit  core,  up  to  4K  RAM, 
up  to  128K  sector-erasable  flash,  along  with  an  array  of 
hardware  subsystems  — all  in  a low-cost  surface-mount 
package. 

The  9S12C32  contains  an  asynchronous  serial 
communications  interface  (SCI),  a serial  peripheral 
interface  (SPI),  an  8-channel  16-bit  timer  module  (TIM),  a 
6-channel  8-bit  Pulse  Width  Modulator  (PWM),  an  8- 
channel,  10-bit  analog-to-digital  converter  (ADC)  and  a 
CAN  2.0  A,  B software-compatible  module  (MSCAN12). 
The  subsystems,  together  with  the  on-chip  single-wire 
Background  Debug  Module  (BDM),  make  this  chip  ideal 
for  use  in  the  evaluation  and  development  of  all  "C"-series 
derivatives  of  the  9S12  family. 

The  M68MOD912C32  MCCJ  Module  implements  the 
48-pin  version  of  the  MCU.  Combining  all  the  essential 
MCU  support  circuitry  with  a small-footprint 
monitor/loader  program  in  Flash,  this  module  comes 
ready-to-use  "out  of  the  box"  with  little  added  hardware 
required  in  many  applications.  The  MCU  Module, 
designed  in  a standard  32-pin  DIP  footprint,  includes  the 
following  features:  5-volt  regulator,  8 MHz  crystal,  PLL 
circuit,  RS232  transceiver  circuit,  and  standard  6-pin  BDM 
connector. 


To  facilitate  evaluation  of  the  9S12C32  MCU,  several 
product  bundles  are  being  offered.  An  MCU  Module 
package  — including  MC9S12C32  MCU  Module,  user 
manual,  Metrowerks  CodeWarrior™  HC(S)12  version  4.0 
CD,  and  resource  CD  — is  available  for  $24.95(USD) 
(M68MOD912C32).  A Demo  Kit  - including  MC9S12C32 
MCU  Module,  Demo  Docking 
Board,  CDs,  Serial  Cable, 
and  DC  power  supply  — is 
available  for  $49.95  (USD) 
(M68DKIT9 1 2C32) . There 
is  also  a European 
version,  which  includes 
a universal  power 
supply,  for  $64.95  (USD) 


(M68DKIT9 1 2C32-E) . 

For  more  information,  contact: 


TECHNOLOGICAL  ARTS 
877-963-8996  Fax:  4 1 6-963-9 1 79 
Web  www.technologicalarts.com 


WIRELESS  MODULES  DELIVER 
LONGEST-RANGE  AND  LOWEST 
COST 


The  new  LR  Series 
of  RF  modules 
from  Linx  Technologies 
provides  a 5-0  times 
range  improvement 
over  previous  discrete 


and  modular  solutions,  thereby  estab- 
lishing a new  range  benchmark 
among  comparable  products. 

These  tiny  SMD  modules  provide 
a complete  and  cost-effective  solu- 
tion for  the  wireless  transfer  of  serial 
data,  control,  or  command  informa- 
tion over  distances  in  excess  of  3,000 
feet. 

No  external  components  are 
required  (except  an  antenna),  allow- 
ing for  easy  design  integration,  even 
by  engineers  without  previous  RF 
experience.  The  modules  interface 
to  virtually  any  data  source,  includ- 
ing microcontrollers  and  decoder 
chips,  making  them  ideal  for  appli- 
cations, such  as  remote  control, 
keyless  entry,  and  periodic  data 
transfer. 

LR  Series  modules  operate  in  the 
favorable  260-470  MHz  band,  and  are 
designed  for  full  regulatory 
compliance  and  interference 
immunity,  ideally  suiting  them  to 
domestic,  as  well  as  export  wireless 
applications. 

The  modules  operate  over  a 2.7- 
5.2  VDC  range  and  feature  low  power 
consumption,  (5.2  mA  operational,  28 
pA  sleep),  a wide  operational 
temperature  range  (-40°  to  +70°  C), 
adjustable  transmitter  power,  and  a 
receiver  sensitivity  in  excess  of 
-5  dBm. 

A precision-crystal  locked  PLL 
architecture  allows  for  transparent 
data  transfer  at  rates  of  up  to  10 
kbps. 

The  LR  Series  is  in  full  production 
and  priced  at  approximately  $3.58 
(TX)  and  $6.78  (RX),  in  volume 
production  quantities.  Visit  Linx 
Technologies’  website  for  more  on 
this  product. 

For  more  information,  contact: 

LINX  TECHNOLOGIES, 
INC. 

575  SE  Ashley  PI. 

Grants  Pass,  OR  97526 

800-736-6677 
Fax:  S4I-47I-625  I 

Web: 

www.linxtechnologies.com 
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Selected  Titles  for  the  Electronics  Hobbyist  and  Technician  — 

The  Nuts  & Volts  Hobbyist  Bookstore 


Robotics 

10  Cool  LEGO  Mindstorms:  Dark 
Side  Robots, Transports,  and  Creatures 

by  Kevin  Clague  / S0ren  Rolighed  / 
Miguel  Agullo  / Hideaki  Yabuki 

Okay,  you  bought  the 
kit  for  yourself  or  one 
of  your  kids.  You  used 
the  instructions  in  the 
box  to  build  a robot 
or  two.  Now  what? 

You  may  not  be  ready 
to  design  and  build 
your  own  robots,  but 
you  don't  want  to 
build  the  same  robot 
over  again. This  book  is  the  perfect  way  to 
build  additional  projects  from  the  same  kit, 
then  improvise  and  design  your  own. Ten 
cool  projects  — one  hour  each  — perfect! 
$24.95 


Robots,  Androids,  and 
Animatrons,  Second  Edition 

by  John  lovine 

In  Robots,  Androids,  and 
Animatrons,  Second  Edition, 
you  get  everything  you 
need  to  create  1 2 excit- 
ing robotic  projects  using 
off-the-shelf  products 
and  workshop-built 
devices,  including  a com- 
plete parts  list.  Also  ideal 
for  anyone  interested  in  electronic  and 
motion  control,  this  cult  classic  gives  you 
the  building  blocks  you  need  to  go  practi- 
cally anywhere  in  robotics.  $ 1 9.95 


CNC  Robotics 

by  GeoffWilliams 

CNC  Robotics  gives  you 
step-by-step  illustrated 
directions  for  designing, 
constructing,  and  testing 
a fully  functional  CNC 
robot  that  saves  you 
80%  of  the  price  of  an 
off-the-shelf  bot  — and 
can  be  customized  to 
suit  your  purposes 
exactly,  because  you  designed  it.  Written  by 
an  accomplished  workshop  bot 
designer/builder.  $34.95 


JunkBots,  Bugbots,  and  Bots  on 
Wheels:  Building  Simple  Robots  With 
BEAM  Technology 

by  David  Hrynkiw  / MarkTilden 

Ever  wonder  what  to  do 
with  those  discarded 
items  in  your  junk  draw- 
er? Now,  you  can  use 
electronic  parts  from  old 
Walkmans,  spare  remote 
controls,  and  even  paper 
clips  to  build  your  very 
own  autonomous  robots 
and  gizmos.  Get  step-by- 
step  instructions  from  the  Junkbot  masters 
for  creating  simple  and  fun  self-guiding 
robots  safely  and  easily  using  common  and 
not-so-common  objects  from  around  the 
house.  Using  BEAM  technology,  ordinary 
tools,  salvaged  electronic  bits,  and  the 
occasional  dead  toy,  construct  a solar-pow- 
ered obstacle-avoiding  device,  a mini-sumo- 
wrestling robot,  a motorized  walking  robot 
bug,  and  more.  Grab  your  screwdriver  and 
join  the  robot-building  revolution!  $24.99 


[T=-| 

^LEG0%» 
[indstorms 


Applied  Robotics  II 

by  Edwin  Wise 

Instructive  illustrations, 
schematics,  part  num- 
bers, and  sources  are 
also  provided,  making  this 
book  a “must”  for 
advanced  builders  with  a 
keen  interest  in  moving 
from  simple  reflexes  to 
autonomous,  Al-based 
robots.  Create  larger  and 
more  useful  mobile 
robots!  Ideal  for  serious  hobbyists,  Applied 
Robotics  II  begins  by  discussing  PMDC 
motor  operation  and  criteria  for  selecting 
drive,  arm,  hand,  and  neck  motors. 
$41.95 


h 
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Building  Robot  Drive  Trains 

by  Dennis  Clark  / Michael  Owings 

This  essential  title  is  jus 


drive  train  using  inexpen- 
sive, off-the-shelf  parts. 

Leaving  heavy-duty  “tech 
speak”  behind,  the  authors 
focus  on  the  actual  con- 
cepts and  applications  ni 
essary  to  build  — and 
understand  — these  critical 
force-conveying  systems. 

Everything  you  need  to  build  your 
own  robot  drive  train: 

*The  Basics  of  Robot  Locomotion 

* Motor  Types:  An  Overview 

* Using  DC  Motors 


$24.95 


* Using  RC  Servo  Motors 

* Using  Stepper  Motors 

* Motor  Mounting 

* Motor  Control 

* Electronics  Interfacing 

* Wheels  and  Treads 

* Locomotion  for  Multipods 

* Glossary  ofTerms/Tables,  Formulas 


The  Robot  Builder’s  Bonanza 

by  Gordon  McComb 

A major  revision  of  the 
bestselling  "bible"  of  ama- 
teur robotics  building  — 
packed  with  the  latest  in 
servo  motor  technology, 
microcontrolled  robots, 
remote  control,  Lego 
Mindstorms  Kits,  and  other 
commercial  kits.  $24.95 


Electronics 

Encyclopedia  of  Electronic 
Circuits, Volume  Seven 

by  Rudy  Graf 

Designed  for  quick 
reference  and  on-the-job 
use,  the  Encyclopedia  of 
Electronic  Circuits,  Volume 
Seven,  puts  over  1 ,000  state- 
of-the-art  electronic  and 
integrated  circuit  designs  at 
your  fingertips.This  collec- 
tion includes  the  latest  designs  from  indus- 
try giants  such  as  Advanced  Micro  Devices, 
Motorola, Teledyne,  GE,  and  others,  as  well 
as  your  favorite  publications,  including  Nuts 
& Volts!  $ 39.95 


Electronic  Troubleshooting 

by  Daniel  Tomal  / Neal  Widmer 

If  you  work  with  elec- 
tronics — either  through 
your  profession  or  your 
pastime  — here’s  one 
resource  you  need  handy 
at  all  times:  the  updated, 

Third  Edition  of 
McGraw-Hill’s  Electronic 
Troubleshooting.  Revamped 
to  include  the  latest  elec- 
trical and  electronic  devices  and  problem- 
solving methods,  this  information-packed 
volume  provides  a fundamental  under- 
standing of  electronic  troubleshooting  the- 
ory. $49.95 


Troubleshooting  & Repairing 
Consumer  Electronics  Without  a 
Schematic 

by  Homer  Davidson 

In  this  book,  Homer 
Davidson  gives  you 
hands-on  illustrated  guid- 
ance on  how  to  trou- 
bleshoot and  repair  a 
wide  range  of  electronic 
products  — when  you 
can’t  get  your  hands  on 
the  schematic  diagrams.-* 

He  shows  you  how  to  A r 
diagnose  and  solve  circuit  and  mechanical 
problems  in  car  stereos,  cassette  players, 
CD  players, VCRs, TVs  and  TV/VCR  com- 
bos, DVD  players,  power  supplies,  remote 
controls,  and  more.  $34.95 
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Guide  to 

Electronic  Surveillance  Devices 

by  Carl  Bergquist 

Enjoy  the  peace  of  mind  prz — 

that  comes  from  know- 
ing how  to  set  up  and 
maintain  an  effective 
surveillance  system! 

Perfect  for  do-it-your- 
selfers, Electronic 
Surveillance  Devices  con- 
tains all  of  the  informa- 
tion needed  to  enhance  

the  safety  and  security  of  a home  or  office, 
from  safeguarding  against  theft  to  monitor- 
ing employee  performance  and  preventing 
illegal  activities  from  occurring  on  site. 
$35.95 

The  Audiophile's  Project 
Sourcebook:  120 

High-Performance  Audio  Electronics 
Projects 

by  G.  Randy  Slone 

The  Audiophiles  Project 
Sourcebook  is  devoid  of  the 
hype,  superstition,  myths, 
and  expensive  fanaticism 
often  associated  with  high- 
end  audio  systems.  It  pro- 
vides straightforward  help  in 
building  and  understanding 
top  quality  audio  electronic 
projects  that  are  based  on  solid  science  and 
produce  fantastic  sound!  $29.95 


Microcontrollers 

Programming  & Customizing 
PICmicro  Microcontrollers, 

Second  Edition 
by  Myke  Predko 
This  book  is  a fully 
updated  and  revised 
compendium  of  PIC 
programming 
information. 

Comprehensive  coverage 
of  the  PICMicro’s 
hardware  architecture 
and  software  schemes 
complement  the  host  of 
experiments  and  projects  making  this  a 
true  "learn  as  you  go"  tutorial.  $49.95 


PICmicro  MCU  C 

by  Nigel  Gardner 

This  second  edition  book 
is  a complete  introduction 
to  programming  Microchip 
PICmicros  in  C with  the 
use  of  the  CCS  C compil- 
er. The  book  overviews 
the  ease  of  using  C and 
the  CCS  compiler  for 
optimization  of  your  pro- 
gramming. There  are  many  examples  to 
get  you  started  on  while  using  the  compil- 
er. $29.95 
FEBRUARY  2004 


PIC  Microcontroller  Project  Book 

by  John  lovine 

This  project-oriented 
guide  gives  you  12  com- 
plete projects,  including: 
using  transistors  to  con- 
trol DC  and  AC  motors, 

DTMF  phone  number  log- 
gers, distinct  ring  detector 
and  routers,  home 
automation  using  X-IO 
communications,  digital  oscilloscopes,  simula- 
tions of  fuzzy  logic  and  neural  networks  ... 
and  many  other  applications.  $29.95 


Programming  and  Customizing 
the  OOPic  Microcontroller 

by  Dennis  Clark 

If  you’re  a robotics  pro- 
fessional or  hobbyist, 
here’s  the  one  book 
you’ll  need  to  keep  your 
work  on  the  leading  edge 
— Programming  and 
Customizing  the  OOPic 
Microcontroller. This  is  the 
official  OOPic  Handbook, 
fully  endorsed  by  Savage  Innovations,  the 
world’s  only  manufacturer  of  OOPic 
microcontrollers.  As  the  first  book  of  its 
kind,  this  volume  is  destined  to  become 
the  standard  against  which  all  other  OOPic 
books  will  be  judged.  $39.95 

Guide  to  PICMICRO 
Microcontrollers 

by  Carl  Bergquist 

Aimed  at  both  students 
and  seasoned  users,  this 
book  will  take  the  reader 
through  the  peripheral 
interface  controller  (PIC) 
like  no  other  text. 

Hardware  and  software 
are  also  discussed  in 
detail. Topics  include:  physical  appearance, 
electrical  structure,  software  requirements, 
hardware  requirements,  prototype  layout 
boards,  simple  PIC  programmers,  PIC 
instruction  set,  use  of  the  Microchip  tools 
including  MPLAB  and  Technical  Library, 
software  applications,  software  codes,  and 
8-10  PIC  projects.  $45.95 

STAMP  2:  Communications  and 
Control  Projects 
by  Thomas  Petruzzellis 
With  the  help  of  detailed 
schematics,  informative 
photos,  and  an  insightful 
CD-ROM,  STAMP  2 
Communications  and 
Control  Projects  leads  you 
step  by  step  through  24 
communications-specific^l 
projects.  As  a result, 
you’ll  gain  a firm  understai 
and  its  programming  methodologies  — as 
well  as  the  ability  to  customize  it  for  your 
own  needs  and  operating  system.  $29.95 


The  Nuts  & Volts  of  BASIC 
Stamps,  Volumes  1-4 


$9.95 

Volume  3 


$14.95 


In  1995,  Scott  Edwards  began  authoring  a 
column  on  BASIC  Stamp  projects  in  Nuts 
& Volts  Magazine.  The  column  quickly 
became  a favorite  of  Nuts  & Volts  readers 
and  continues  today  with  Jon  Williams  at 
the  helm.  The  Nuts  & Volts  of  BASIC  Stamps 
is  a four-volume  collection  of  over  100  of 
these  columns. 


High  Voltage 

Homemade  Lightning:  Creative 
Experiments  in  Electricity 

by  R.A.  Ford 
Enter  the  wide-open 
frontier  of  high-voltage 
electrostatics  with  this 
fascinating,  experiment- 
filled  guide. You'll  discover 
how  to  make  your  own 
equipment,  how  electrici- 
ty is  used  in  healing,  and 
how  many  experiments 
in  high  potential  physics 
work!  $24.95 


Home  Entertainment 

BuildYour  Own  PC  Home 
Entertainment  System 

by  Brian  Underdahl 

Learn  to  use  PC  DVD 
drives,  DVD  recorders, 
and  massive  hard  drives 
to  create  a home  enter- 
tainment system  that's 
comparable  to  what 
you'd  enjoy  from  expen- 
sive, individual  compo- 
nents. Who  needs  the 
movies?  Now,  you  can 
achieve  stunning  audio  and  top  quality 
video  results  through  your  PC. This  book 
shows  you  how  to  build  your  own  home 
entertainment  center  using  an  ordinary 
PC.  Watch  and  record  TV  shows  and 
movies,  put  your  entire  CD  collection  on 
your  hard  drive,  and  listen  to  radio  stations 
from  around  the  world.  $24.99 


If  you  don’t  see  what  you  need  here, 
check  out  our  on-line  store  at 
www.nutsvolts.com  for  a complete 
listing  of  the  titles  available. 
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Hobby  electronics  is  often  described  as  in 
decline.  Sales  of  books  and  electronic  parts  aimed 
at  the  hobby  electronics  market  have  fallen.  High 
school  science  fairs  once  included  a fair  number  of 
electronics  projects.  Now  such  projects  are  scarce. 
RadioShack  once  sold  hundreds  of  thousands  of 
hobby  electronics  books  a year.  Now  they  sell 
none. 

In  view  of  these  developments,  is  there  a future 
for  hobby  electronics?  The  evidence  shows  that 
there  clearly  is.  Before  I explain  why,  let's  turn  the 
clock  back  a generation  or  so  and  review  the  evo- 
lution of  hobby  electronics. 

From  the  1950s  to  the  1970s,  electronics  hob- 
byists built  light-controlled  relays,  solar  batteries, 
tiny  radios,  and  many  kinds  of  electronic  games 
long  before  such  gadgets  were  sold  in  stores.  This 
provided  a terrific  incentive  for  both  teens  and 
adults  to  become  interested  in  do-it-yourself  elec- 
tronics. 

The  arrival  of  inexpensive  TTL  and  CMOS  inte- 
grated circuits  in  the  early  1970s  greatly  expanded 
the  horizons  for  electronic  hobbyists.  Now  we  could 
build  counters,  clocks,  timers,  and  controllers  that 
were  far  more  sophisticated  than  basic  transistor 
projects.  Hobby  electronics  was  at  its  peak,  and  the 
electrical  engineering  departments  of  colleges  and 
universities  could  count  on  having  many  students 
who  had  learned  the  basics  before  they  arrived  on 


campus. 

The  arrival  of  Intel's  8080  microprocessor  had  I 
far  more  impact  on  hobby  electronics  than  the  I 
transistor  and  the  integrated  circuit.  Now  hobbyists  I 
could  build  their  own  computers,  the  ultimate  do-it-  I 
yourself  project.  They  didn't  even  have  to  design  I 
the  machine,  for  they  could  buy  a complete  kit  for  I 
$395.00  from  M1TS,  Inc.,  a small  company  in  I 
Albuquerque,  New  Mexico. 

The  MITS  Altair  8800  was  featured  on  the  I 
cover  of  the  January  1975  issue  of  Popular  I 
Electronics.  The  article  attracted  the  attention  of  I 
two  young  computer  enthusiasts,  Paul  Allen  and  I 
Bill  Gates.  Allen  and  Gates  soon  moved  into  the  | 
MITS  building  in  Albuquerque,  where  they  estab- 
lished a software  company  to  develop  BASIC  for  I 
the  Altair.  They  named  their  company  Microsoft. 

From  1975  to  the  mid-1980s,  eager  hobbyists  I 
built  many  kinds  of  gadgets  and  circuits  for  their  I 
computers  to  control.  Hundreds  of  books  I 
described  do-it-yourself  computer  projects. 

Yet  the  hobby  computer  era  was  a bubble,  not  I 
a trend.  As  more  and  more  companies  entered  the  I 
computer  market,  there  soon  came  a time  when  it  I 
was  no  longer  practical  to  offer  kit  computers.  The  I 
hobby  electronics  magazines  eventually  fell  victim  I 
to  the  computer  era  to  which  they  gave  birth. 

So  where  does  this  leave  hobby  electronics  I 
today?  Our  numbers  have  declined,  but  the  quality  I 
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of  hobby  electronics  today  is  as  high  as  ever.  The 
old  hobby  electronics  magazines  have  been 
replaced  by  a magazine  with  consistently  high 
quality  projects  and  articles.  I feel  the  same  sense 
of  excitement  opening  up  the  latest  issue  of  Nuts 
& Volts  as  I did  back  in  the  1970s  when  I was  writ- 
ing articles  and  columns  for  Popular  Electronics. 

The  sharp  decline  in  electronics  projects  at  sci- 
ence fairs  and  the  declining  enrollment  in  engineer- 
ing courses  at  colleges  and  universities  are  trou- 
bling. But  hope  has  arrived  in  the  form  of  hobby 
robotics.  Just  a few  weeks  ago,  my  daughter  Sarah 
participated  in  a high  school  robotics  competition. 
The  students  learned  a great  deal  about  basic  elec- 
tronics and  mechanics  from  the  experience. 

The  overall  number  of  electronics  hobbyists 
was  sharply  reduced  by  the  personal  computer  rev- 
olution they  helped  bring  about.  Yet  there  remain 
plenty  of  electronics  enthusiasts  who  still  enjoy 
designing  and  building  circuits  even  more  powerful 
and  versatile  than  those  we  built  a decade  ago. 
Many  hobbyists  use  computers  to  program  their 
projects,  which  these  days  include  many  highly 
creative  robotic  devices.  Others  have  found  spe- 
cialized niches  for  their  electronics  pursuits.  In  my 
case,  for  example,  I design  and  use  various  instru- 
ments that  measure  the  ozone  layer,  haze,  and 
ultraviolet.  Some  of  my  inexpensive  instruments 
have  found  errors  in  data  from  four  remote  sensing 


satellites. 

So  while  the  overall  number  of  electronics  hob- 
byists has  declined  since  the  1980s,  there  are  still 
plenty  of  fun,  creative,  and  even  scientific  things 
that  we  hobbyists  can  do.  Thanks  to  mail  order 
suppliers  like  Digi-Key  and  Jameco,  we  can  order 
virtually  any  electronic  parts  we  need.  And  thanks 
to  eBay  and  other  web  resources,  we  can  buy  high 
quality  test  equipment  at  only  a fraction  of  the 
price  we  might  have  paid  a decade  ago.  We  can 
build  lasers,  radio-controlled  electric  aircraft,  seis- 
mometers, and  optical  fiber  communication  links. 

As  for  the  future,  I still  remember  the  hundreds 
of  excited  spectators  and  participants  who  filled  a 
large  gymnasium  during  the  recent  robotic  compe- 
tition in  which  my  daughter  participated.  These 
competitions  are  occurring  all  around  the  CIS,  and 
the  number  of  students  who  have  built  radio-con- 
trolled "robots"  is  probably  far  greater  than  those 
who  built  their  own  computers  back  in  the  1970s. 

So  while  hobby  electronics  lost  many  of  its 
enthusiasts  to  the  computer  revolution  it  helped 
begin,  there's  still  plenty  to  do  for  those  of  us  who 
enjoy  designing,  soldering,  tinkering,  and  program- 
ming. Just  imagine  the  possibilities.  Maybe  some 
clever  hobbyists  can  show  the  high  school  robotics 
movement  how  to  build  remotely  piloted,  indoor 
helicopters  that  score  points  by  flying  figure-8s  and 
dropping  plastic  rings  onto  poles.  NV 
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Harvesting 
Electricity  From 
The  Environment 

Light  a 1 00  Volt  Bulb  with  the  Waves 
that  Surround  You 


With  "smart"  cell  phones,  Wi-Fi,  RFID 
tag  systems,  and  so  many  other 
new  applications  for  radio  waves 
these  days,  it  is  obvious  that  we  are  immersed 
in  an  electromagnetic  field  ("EMF")  just  about 
everywhere  we  go.  Whether  or  not  this  is 
harmful  to  human  beings  is  a controversial 
subject,  although  many  scientists  will  tell  you 
it  is  not  hurting  us  at  the  present  intensity 
level.  However,  you  can  easily  demonstrate 
that  such  fields  can  be  pretty  strong.  At  the 
very  least,  this  indicates  an  ever  increasing 
need  for  shielding  in  hobby  electronics  proj- 
ects, to  avoid  picking  up  troublesome  noise. 

Because  there  is  so  much  EMF  in  the  gen- 
eral environment,  several  research  projects 
(mostly  military)  are  purposely  "harvesting" 
the  energy  and  trying  to  use  this  to  operate 
sensors,  tiny  transmitters,  and  other  devices 
that  will  never  require  batteries  or  even  solar 
cells.  Another  branch  of  the  research  aims  to 
use  strictly  mechanical  noise  to  harvest  ener- 
gy from  the  environment,  similar  to  the  way  a 
self-winding  mechanical  wristwatch  operates. 
However,  many  useful  things  such  as  sensors 
need  electric  power  in  some  way,  and  it  is  usu- 


ally inefficient  to  collect  low-level  mechanical 
energy  and  convert  it  to  electricity. 

Although  a radio  aerial  converts  electro- 
magnetic waves  into  electricity,  the  voltages 
that  are  fed  to  cell  phones  from  ferrite  anten- 
nas are  typically  only  a few  microvolts.  It 
might  be  a surprise  to  the  reader,  but  a million 
times  more  voltage  — possibly  four  volts  or  so 
— can  actually  be  harvested  by  simple  means 
from  many  common  environments,  by  using 
a fairly  long  antenna  and  a good  ground.  The 
currents  are  small,  but  they  can  easily  be 
accumulated,  enough  to  briefly  light  a 
Tungsten  incandescent  bulb.  With  a trans- 
former, these  voltages  can  be  stepped  up 
enough  to  flash  a neon  bulb.  It's  amazing,  but 
quite  true,  and  all  this  can  be  verified  with 
experiments  that  are  easy  to  do. 

The  Experimental  Set-up 

The  circuit  is  shown  in  Figure  1,  but  it  is 
not  necessary  to  use  any  actual  switches. 
Alligator  clips  could  be  used  instead.  For 
example,  looking  at  SI  in  the  diagram,  a clip 
lead  could  be  temporarily  connected  from  the 
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antenna  to  the  AC  voltmeter. 

For  the  antenna,  a 15-foot-long  extension  cord  can  be 
used,  or  any  other  insulated  wire  of  roughly  that  length. 
For  the  first  experiments,  it  can  be  stretched  out  on  the 
floor  of  your  home,  maybe  extending  into  another  room. 

A "quiet"  ground  is  needed,  to  avoid  picking  up  stray 
voltages  that  are  not  electromagnetic  in  origin.  It  should  be 
noted  that  the  "return"  or  "neutral"  wire  of  120  volt  AC 
power  lines  (color  coded  white  in  the  US)  is  not  suitable, 
because  it  often  has  considerable  voltage  on  it,  due  to 
resistive  ground  connections.  Using 
that  would  be  cheating,  if  we  are  inves- 
tigating the  power  that  comes  strictly 
from  EMFs  in  the  air.  Similarly,  the 
green  coded  safety  connection  might 
have  about  10  volts  on  it  — relative  to 
true  ground  — if  a clothes  dryer  or  air 
conditioner  is  running  nearby.  For  these 
experiments,  a better  ground  connec- 
tion can  be  obtained  by  hammering  a 
bare  metal  curtain  rod  into  the  earth 
and  attaching  a clip  lead  to  it. 

The  meter  to  measure  the  AC 
voltage  can  be  any  instrument  with 
an  input  impedance  of  around  10 
megohms,  such  as  a portable  digital 
multimeter.  This  could  also  be  used 
to  serve  as  the  ammeter  and  DC  volt- 
meter shown  in  Figure  1,  if  it  is  dis- 
connected from  position  SI  and  then 
reconnected  at  S2,  and  later  at  S3. 

Alternatively,  of  course,  separate 
meters  could  be  used. 

A full  wave  diode  bridge  can  rec- 
tify the  input,  as  shown.  However, 
good  results  can  be  obtained  with  just 
diode  Dl,  with  a plain  wire  in  place  of 
D3,  and  no  connections  at  all  in  posi- 
tions D2  and  D4. 

The  LED  should  be  a low  current 
type,  such  as  RadioShack  catalog 
number  276-044,  which  will  produce 
visible  light  with  only  two  milliamps. 

The  Tungsten  incandescent  bulb  also 
has  to  be  a low  current  type,  such  as 
RadioShack  catalog  number  272- 
1139  or  similar,  which  will  light  up 
with  only  20  mA.  The  transformer 
can  be  a step-down  120-volt  to  six- 
volt  power  supply  type,  which  we  will 
operate  "backwards,"  in  a 20:1  step- 
up  mode.  Switch  S6  (or  just  an  ordi- 
nary clip  lead)  is  going  to  be  used  to 
dump  the  capacitor's  charge  into  the 
low  voltage  winding,  and  almost  any 
neon  or  argon  lamp  attached  across 
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the  high  voltage  winding  will  then  flash. 

The  Waves  that  Surround  Us 

Unless  you  are  down  in  an  iron  mine,  you  are  probably 
in  a measurably  strong  electromagnetic  field.  Even  inside 
a metal  building,  there  is  usually  some  oscillating  field 
coming  from  the  120-volt  AC  power  lines  in  the  walls,  just 
because  of  the  power  that  always  goes  to  computers, 
"instant-on"  TV  sets,  and  even  the  multiplicity  of  electric 


41 


NufS&VOLTS 


Project 


PARTS  LIST 

Insulated  wire 

1 5 or  20  feet  long  (for  antenna) 

Metal  rod 

(for  ground  connection) 

Diode 

Or  full  wave  rectifier  bridge 

Capacitor 

1,000  pF  or  similar 

Multimeter 

10  megohm  input  impedance 

Clip  leads 

Or  3 SPST  and  3 SPDT  switches 

2 mA  LED 

Like  RadioShack  276-044 

25  mA  bulb 

Like  RadioShack  272-1139 

Transformer 

20:1  or  similar 

Misc. 

A small  neon  or  argon  bulb 

clocks  that  are  in  most  people's  houses.  This  is  especial- 
ly true  in  an  urban  or  suburban  area,  if  there  are  power 
lines  up  on  telephone  poles  near  the  house  — the  amount 
of  EMF  radiation  that  they  generate  might  surprise  you. 
At  any  rate,  you  can  sense  such  fields  with  the  apparatus 
of  Figure  1 and  judge  for  yourself. 

Inside  a typical  house  or  office  building,  quite  a lot  of 
our  environmental  EMF  is  60  Hz  AC  or  harmonics  of  it. 
Weaker  radiation  is  at  the  extra-low  frequencies  generated 
by  thunderstorms  all  throughout  the  world,  as  readers  of 
Nuts  & Volts  already  know  from  the  article  "DX 
Thunderstorms  in  Africa"  in  the  October,  2003  issue 
(page  44).  A wide  variety  of  radiation  is  being  suggested 
as  sources  of  energy  to  be  harvested,  as  described  in  the 
publications  that  any  Internet  web  search  engine  will  turn 
up,  if  you  enter  "harvest  electricity"  in  the  dialog  box. 
However,  more  and  more  RF  will  be  at  microwave  frequen- 
cies, as  we  make  increased  use  of  things  like  the  RFID 
tags  that  Wal-Mart  and  other  big  businesses  are  putting  in 
place  by  the  millions,  and  as  Wi-Fi  gets  into  more  public 
places  and  even  into  home  networks. 

A Few  Measurements 

With  a 15  foot  or  longer  antenna  snaking  along  the 
floor  from  room  to  room  in  a typical  suburban  house,  and 
using  a grounding  rod  outside,  you  are  likely  to  see  from 
two  to  four  volts  of  AC  (RMS).  Surprisingly,  this  might  not 
vary  much  as  a high  current  appliance  such  when  a 
clothes  dryer  is  switched  on  and  off.  Taking  the  antenna 
outdoors,  draped  horizontally  over  some  beach  chairs 
over  a backyard  lawn,  you  can  expect  a lower  voltage, 
possibly  only  a few  hundred  millivolts.  Arranging  the 
antenna  vertically  up  a tree,  the  measured  voltage  is  not 
usually  much  different,  in  spite  of  the  fact  that  many  radio 
transmissions  are  vertically  polarized.  Moving  the  whole 
apparatus  to  a front  yard,  near  power  lines  on  telephone 
poles,  the  measurements  are  likely  to  be  more  like  what  is 
seen  inside  a house,  possibly  a few  volts.  On  the  other 
hand,  in  a rural  setting,  away  from  houses  and  power  lines, 
the  voltages  are  likely  to  be  lower. 

Looking  at  the  input  with  an  oscilloscope  attached  in 
place  of  the  AC  voltmeter  of  Figure  1,  there  might  be  a lot 


of  60  Hz  content  visible  in  the  received  signal.  In  some 
cases,  there  is  much  distortion  of  the  basic  sine  wave,  and 
there  is  more  harmonic  content  than  fundamental,  partic- 
ularly at  120  Hz,  due  to  various  phase  delays.  There  is 
almost  always  a great  deal  of  continuously  varying,  high 
frequency  hash  riding  on  top  of  the  steadily  repeating  sig- 
nals. Some  of  this  is  at  extremely  high  frequencies  and  con- 
sists of  digital  pulses,  even  though  the  simplified  antenna 
biases  the  apparatus  towards  picking  up  low  frequencies. 

From  observations  such  as  these,  it  can  be  seen  that 
our  electronic  devices  need  good  shielding  against  EMFs 
these  days.  Maybe  the  shields  will  have  to  be  improved  in 
the  future,  as  more  and  more  of  these  invisible  fields 
become  commonplace.  In  many  cases,  it  is  already  nec- 
essary to  use  "guards"  as  well  as  "shields,"  for  devices 
such  as  op-amps  with  very  high  amplification  factors. 
(The  difference  between  a shield  and  a guard  is  explained 
in  a textbook  I wrote,  Industrial  Electronics  for 
Engineers,  Chemists,  and  Technicians,  William  Andrew 
Publishing,  2001.)  It  also  seems  sensible  to  re-evaluate  the 
possible  effects  on  human  beings  from  time  to  time,  as 
these  fields  get  more  intense,  and  their  frequencies  go  up. 

Accumulating  the  Energy 

With  the  attachment  of  a rectifier,  DC  can  be  stored 
in  the  1,000  pF  capacitor.  The  full  wave  diode  bridge  in 
the  figure  is  efficient,  but  slower  accumulation  can  be 
obtained  with  just  Dl,  as  mentioned  above.  By  switching 
S2  (or  just  using  a clip  lead),  the  interrupted  DC  flow  can 
be  estimated,  and  typical  readings  inside  a house  might 
be  (surprisingly!)  as  high  as  a few  milliamperes,  although 
a tenth  of  that  is  more  common. 

After  approximately  an  hour  of  charging,  the  1,000 
pF  capacitor  voltage  can  be  measured  via  S3.  This  will  be 
the  RMS  AC  voltage  times  the  square  root  of  2,  and  four 
volts  is  typical  when  measured  inside  a suburban  house. 
In  an  electrolytic  capacitor,  it  is  enough  energy  to  light  a 
low  current  LED,  through  S4.  In  fact,  a brief  flash  can  be 
visible  in  a low  current  Tungsten  bulb,  via  S5. 

Using  S6  or  the  equivalent,  the  capacitor's  charge 
can  be  suddenly  dumped  into  the  primary  of  a step-up 
transformer.  (As  mentioned  above,  a power  transformer 
that  is  normally  step-down  can  be  used  "backwards"  for 
this  experiment.)  A ratio  of  10:1  or  20:1  will  usually  light 
a small  neon  or  other  gas  discharge  bulb  for  an  instant. 
On  the  oscilloscope,  this  pulse  can  register  as  high  as  100 
volts.  Thus,  a fairly  high  voltage  can  be  harvested  from 
our  environment,  by  very  simple  means.  NV 
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A Simple  Capacitance 
Meter  Using  The 
ADuC8 1 2 

Clever  Programming  Yields  a Useful  Bench  Tool 


There  are  many  ways  of  measuring  capacitance.  In 
this  article,  I describe  a simple  method  that  makes 
use  of  the  features  of  the  ADuC812  one  of  Analog 
Devices  MicroConverters®.  The  capacitance  meter  meas- 
ures capacitances  between  100  nF  and  100  pF  with  ease. 
The  capacitance  meter  sends  the  measured  capacitance 
to  a PC's  COM  port. 

The  MicroConverter 

Before  describing  how  I measure  the  capacitance,  I 
would  like  to  describe  MicroConverters  in  general  and  the 
ADuC812  in  particular.  Analog  Devices  has  a line  of  prod- 
ucts that  are  essentially  microcontrollers  with  data  conver- 
sion peripherals  on-board.  They  refer  to  this  product  line  as 
MicroConverters.  The  ADuC812  (where  ADuC  stands  for 
Analog  Devices  MicroConverter)  is  essentially  an  8052 
microcontroller  with  eight  channels  of  A/D,  two  channels 
of  D/A,  and  8 Kbytes  of  FLASH  program  memory  that  can 
be  programmed  across  a serial  port.  Other  peripherals 
that  I did  not  need  for  this  project  include  user  programma- 
ble FLASH  memory,  a watchdog 
timer,  and  a ninth  channel  of  A/D 
that  is  connected  internally  to  a tem- 
perature sensor. 

In  my  experience,  the  ADuC812 
is  an  excellent  processor  to  work 
with,  and  you  can  have  a lot  of  fun 
programming  it.  For  this  project,  I 
used  the  EVAL-ADCIC8 1 2QS  devel- 
opment kit.  This  kit  provides  you 
with  a nice  interface  to  the 
ADuC812.  It  has  a user  controllable 
LED,  pushbuttons,  buffers  for  some 
of  the  inputs  to  the  ADuC812,  and 
many  other  helpful  items.  For  those 
who  would  like  to  learn  more  about 
the  ADuC812  and  MicroConverters, 

Analog  Devices  MicroConverter  page 
can  be  reached  by  going  to 
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www.analog.com,  clicking  on  the  "Data  Converters"  tab 
and  then  selecting  the  "MicroConverter"  tab. 

How  I Measure  the  Capacitance 

Measuring  the  capacitance  is  fundamentally  simple. 
Connect  the  output  of  the  first  D/A  converter  to  one  side 
of  a 10  KQ  resistor.  Connect  the  other  side  of  the  resistor 
to  the  capacitor  under  test.  The  point  between  the  resistor 
and  the  capacitor  is  also  connected  to  the  first  channel  of 
the  ADuC812's  A/D  converter.  Finally,  the  second  side  of 
the  capacitor  is  connected  to  the  ADuC812's  ground.  (See 
Figure  1.)  When  the  user  indicates  that  s/he  is  ready  to 
have  a measurement  taken,  the  ADuC812  raises  the  volt- 
age at  the  output  of  the  D/A  to  2.5  V.  At  the  same  time, 
the  ADuC812  starts  one  of  its  timers  (a  standard  feature 
on  all  8052s)  going. 

One  of  the  modes  in  which  the  ADuC812's  A/D  con- 
verter can  work  is  to  sample  every  second  time  the  timer 
overflows.  I used  this  setting.  From  the  point  at  which  the 
D/A  voltage  goes  to  2.5  V,  the  ADuC812  examines  the 
voltage  between  the  resistor  and  the 
capacitor  every  second  time  the 
timer  overflows.  Each  time  the  A/D 
checks  the  value  on  the  capacitor 
and  the  voltage  is  less  than  1 .25  V,  a 
set  of  counters  are  updated.  When 
the  voltage  on  the  capacitor  reaches 
1.25  V,  the  ADuC812  records  the 
elapsed  time  from  the  time  the  volt- 
age on  the  resistor  went  to  2.5V  until 
the  voltage  on  the  capacitor  reached 
1.25  V. 

As  the  voltage  on  a capacitor 
whose  voltage  was  zero  until,  at  t = 0, 
a voltage  was  applied  follows  the 
formula: 


Vcap(t)  = Vapplied(\—et(RC)) 
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FIGURE  I.  The  RC  circuit  and  its 
connections  to  the  ADuC8 1 2. 
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The  time  that  the  capacitor  takes  to  reach  half  of  the 
applied  value,  t]/2  is: 

tyz  = ROn(2) 

As  the  MicroConverter  has  measured  t\/ 2 and  R is 
known,  it  is  easy  to  determine  C.  In  fact: 

r = 

Rln(2) 

Practical  Matters 


„ 0.0000694/Y  0.0000694/V 

c 100001n(2)  6931.5  “ 10NnF 

With  the  timer  set  like  this,  no  calculations  need  to  be 
done.  The  number  of  cycles  determines  the  capacitance 
in  a very  simple  way.  In  order  for  a measurement  to  be  rea- 
sonably accurate,  should  be  at  least  10.  In  order  that  the 
measurements  not  take  too  long,  should  not  be  too  large.  I 
allowed  up  to  10,000.  Thus,  the  capacitances  for  which  this 
simple  meter  can  be  used  range  from  100  nF  to  100  |iF.  The 
range  can  be  adjusted  by  changing  the  value  of  the  resistor. 


Fundamentally,  this  capacitance  meter  is  easy  to 
build.  The  devil  is  in  the  details.  Calculating  is  no  problem 
at  all  if  you  have  a microprocessor  that  knows  how  to 
divide.  Unfortunately,  the  8052  barely  knows  how  to  mul- 
tiply. To  avoid  the  necessity  of  multiplying  or  dividing,  I 
played  a simple  game.  I set  the  timer  to  overflow  every 
0.0347  milliseconds.  Thus,  to  overflow  twice  took  the 
timer  0.0694  milliseconds.  I had  the  microprocessor  keep 
track  of  how  many  such  periods  went  by  from  the  time 
that  2.5  V was  first  applied  to  the  resistor  until  the  voltage 
on  the  capacitor  rose  to  1.25  V.  (That  is  how  the 
MicroConverter  stores  the  elapsed  time.)  Let  the  number 
of  periods  that  elapsed  be  IS.  Then,  f//2  = 0.0694/Y.  Let  us 
see  what  that  says  about  C as  a function  of  IS.  Plugging 
in  the  values  we  find  that: 


The  Physical  Connections 

In  order  to  connect  the  resistor  and  capacitor  to  the 
correct  pins  on  the  development  kit,  you  must  know 
where  each  of  the  lines  that  is  called  for  is  physically 
located.  The  analog  ground  of  the  circuit  is  available  in 
the  prototyping  area  of  the  development  kit  on  a strip 
labeled  'AGND.'  For  the  A/D  and  the  D/A  connections, 
look  for  the  ANALOG  I/O  connector  on  the  development 
kit.  This  connector  is  clearly  labeled  and  is  located 
between  LK1  and  LK2.  The  first  channel  of  the  A/D 
(ADC0)  is  led  off  to  the  leftmost  pin  on  the  row  of  pins 
that  is  nearest  to  the  edge  of  the  development  kit.  The 
first  channel  of  the  D/A  (DAC0)  is  led  off  to  the  third-to- 
last  pin  on  that  row  of  the  ANALOG  I/O  connector. 


Thinking  Smarter  — Not  Working  Harder 


Many  microcontrollers  either  do  not  support  division  or  sup- 
port division  to  a limited  extent.  And  even  when  they  do,  it  is  often 
a time-consuming  operation.  In  the  case  of  805 1 type  microcon- 
trollers, division  of  two  eight  bit  words  takes  four  instruction  clock 
cycles  to  execute.  (Multiplication  and  division  are  the  only  opera- 
tions that  take  so  long.)  To  do  16  (or  more)  bit  division  takes  more 
time  and  is  more  complicated. 

When  time  needs  to  be  measured,  it  is  best  to  set  up  your 
time-base  in  a fashion  that  minimizes  the  need  to  use  expensive  or 
complicated  operations.  One  operation  that  can  often  be  simplified 
is  the  calculation  of  a quantity  that  depends  directly  on  a measure- 
ment of  time.  In  order  to  measure  capacitance,  we  measure  a 
time  — tj/2  .We  have  seen  that: 


resistor  and  the 


sampling  time  in  such  a way  that: 


T 

Rln(2) 


is  particularly  "nice." 

Suppose,  for  example,  that  you  would  like  to  measure  capaci- 
tances that  are  between  I pF  and  I nF.  Ideally,  you  would  like  to 
have  N be  reasonably  large,  even  for  I nF.  Let  us  suppose  that  we 
would  like  N = 10  when  C = I nF.Then  we  find  that: 


That  is: 


I x 1 0"9  = 


T 

0.693 1 5R 


10 


t = 6.9315x10-' 'R 


We  want  to  make  sure  that  the  calculation  of  the  capacitance 
is  as  simple  as  possible.  Suppose  that  you  check  the  voltage  at  the 
output  of  the  RC  filter  every  T seconds.  Then  the  first  time  for 
which  the  voltage  is  greater  than  half  the  input  voltage  is  tj/2  = Nt. 
Thus,  the  capacitance  is: 


In  order  to  avoid  the  need  to  perform  any  calculations,  and  to 
calculate  the  capacitance  from  N,you  must  choose  the  values  of  the 


On  practical  grounds,  we  do  not  want  to  choose  odd  resistor 
values,  nor  do  we  want  to  have  to  sample  too  often.  Suppose  that 
we  take  R = I M£L  Then,  we  find  that  t=  6.93 1 5x  1 0"^.  Setting  our 
sample  rate  to  l/T  = I 1,427  samples  per  second  will  do  the  trick. 
With  this  sampling  rate  and  resistor  value,  the  capacitance  meas- 
ured will  be  C = 10  NnF.  Displaying  such  a value  (as  we  do  in  the 
accompanying  program  for  the  ADuC8 1 2)  is  a triviality.  We  con- 
verts the  number  N into  a string  and  then  add  a "0"  to  the  end  of 
the  string.  The  string  now  holds  the  capacitance  in  nanofarads,  and 
no  calculation  was  performed. 
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A Simple  Capacitance  Meter 


(Counting  from  the  pin  that  connects  to  the  first  channel 
of  the  A/D,  it  is  the  ninth  pin  over.)  See  Figure  2. 

The  Serial  Interface 

When  using  the  development  kit,  the  serial  interface  is 
used  for  two  purposes  — downloading  the  program  and 
communicating  with  the  ADuC812  while  the  program  is 
running.  Downloading  programs  to  the  ADuC812  develop- 
ment kit  is  easy.  First,  connect  the  serial  cable  that  comes 
with  the  kit  to  the  kit  itself  (being  careful  to  match  up  the 
pins  on  the  board  with  the  markings  on  the  cable).  Then 
connect  the  cable  to  COM1.  (For  some  reason,  the  down- 
loader  that  comes  with  the  development  kit  does  not  seem 
to  work  from  COM2.)  Make  sure  that  the  jumper  at  loca- 
tion LK3  (PSEN)  on  the  evaluation  board  is  in.  Run  WSD, 
the  Windows  serial  downloader.  Go  to  the  configuration 
menu  of  the  downloader  and  make  sure  that  it  is  set  to 
COM1.  Next  click  on  DOWNLOAD.  Find  the  program  that 
you  want  to  download  and  download  it.  Finally,  click  on  the 
RUN  button.  At  this  point,  the  program  is  running  on  the 
ADuC812. 

The  program  that  is  running  on  the  ADuC812  expects 
to  communicate  with  the  outside  world  through  the  COM 
port,  too.  The  program  sets  the  ADuC812's  internal  UART 
to  transmit  and  receive  at  19200  baud  with  one  stop  bit 
and  no  parity  bit.  Additionally,  no  flow  control  is  used. 
Thus,  the  host  computer  must  be  set  up  similarly.  I gener- 
ally use  Hyperterminal  (a  Windows  utility)  to  communicate 
with  the  ADuC812.  When  using  Hyperterminal,  you  must 
tell  Hyperterminal  which  COM  port  you  are  using  (COM1), 
and  then  you  must  set  the  properties  of  the  COM  port  to 
19200  baud,  one  stop  bit,  no  parity,  and  no  flow  control. 

Once  the  set-up  is  taken  care  of,  to  initiate  a measure- 
ment all  that  you  need  to  do  is  to  type  a lower  case 'm'  in 
the  Hyperterminal  window.  The  ADuC812  will  measure  the 
capacitance  and  will  send  the  capacitance  value  to  the 
COM  port.  Hyperterminal  will  pick  up  the  value  and  dis- 
play it  on  your  screen. 

For  those  who  do  not  want  to  type,  the  ADuC812  has 
been  set  to  start  a measurement  when  the  INTO  button  on 
the  development  kit  is  pressed.  In  order  to  see  the  value  of 
the  capacitance,  you  must  still  use  Hyperterminal. 
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Programming  the  ADuC8 1 2 

There  is  only  one  jumper  on  the  evaluation  board  that 
I regularly  use  — the  jumper  at  position  LK3.  When  this 
jumper  is  in,  resetting  the  ADuC812  causes  the  ADuC812 
to  wait  for  instructions  to  come  to  its  CIART.  This  jumper 
must  be  in  when  you  want  to  send  a new  program  to  the 
ADuC812.  After  you  load  a program,  it  is  possible  to  tell 
the  ADuC812  to  start  running  by  sending  the  appropriate 
commands  to  the  CIART.  This  is  what  clicking  on  the  RON 
button  does. 

Recall  that  the  program  memory  of  ADuC812  is  (non- 
volatile) FLASH  memory.  Even  after  turning  off  the  proces- 
sor, the  program  is  still  in  the  FLASH  memory.  If  the 
jumper  at  LK3  is  out,  then  when  the  ADuC812  is  powered- 
up  or  reset,  it  does  not  wait  for  instructions  to  come  from 
the  OART.  Rather,  it  jumps  to  the  start  of  the  program 
memory  and  starts  executing  the  current  resident  program. 

If  you  have  already  downloaded  the  capacitance  meter 
program  and  reset  the  ADuC812  after  setting  up 
Hyperterminal,  you  will  see  that  upon  power-up  the 
program  clears  the  Hyperterminal  screen  and  sends  the 
computer  the  string  "Hit 'm'  to  perform  a measurement."  (In 
fact,  the  messages  that  cause  this  to  happen  were  sent  when 
the  RUN  tab  was  hit  the  first  time  the  program  was  run.  At 
that  point,  however,  there  was  no  program  running  on  the 
host  computer  to  "listen"  to  what  the  ADuC812  "said.") 
Pressing  “m”  now  will  cause  a measurement  to  be  made. 

A Cautionary  Note 

A word  of  caution  is  in  order.  After  the  MicroConverter 
finishes  making  a measurement,  it  resets  the  voltage  on 
the  D/A  to  0 V.  This  allows  the  capacitor  to  discharge.  If 
you  have  a fairly  large  capacitor,  you  must  wait  a second 
or  two  for  it  to  drain  completely.  If  you  don't,  the  capacitor 
will  not  have  completely  discharged  and  the  next  measure- 
ment will  be  incorrect  (too  low).  This  is  because  the 
capacitor  will  not  take  as  long  to  charge  as  it  should  — it 
started  out  partially  charged. 

Adding  Bells  and  Whistles 

I have  presented  a simple  capacitance  meter.  It  is  rel- 
atively easy  to  extend  this  meter  into  a multimeter.  Of 
course,  doing  so  would  increase  the  complexity  of  the 
meter  and  would  take  a fair  amount  of  time.  Enjoy!  NV 
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by  Gerard  Fonte 


Make  Your  Own  Custom 
Membrane  Switches 

A Simple  — Yet  Effective  — 

Way  to  Dress  up  Your  Projects 


Membrane  switches  are  useful  for  a number  of 
reasons.  They're  thin,  water  resistant,  and  can 
be  customized.  Unfortunately,  custom  set-up 
costs  are  high  and  take  a lot  of  lead  time.  This  article  will 


Figure  I.  Here  is  the  basic  approach  for  the  membrane 
switch. The  paper  overlay  is  protected  with  package  sealing 
tape  on  the  top,  and  attached  to  the  front  panel  with 
double-sided  tape  on  the  bottom. The  PCB  is  mounted 
with  spacers  so  that  the  top  of  the  switch  actuator  is 
even  with  the  top  of  the  front  panel. 


Photo  I.  The  basic  parts  needed. 
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show  you  how  to  make  your  own  custom  "pre-produc- 
tion" membrane  switch  quickly  and  at  very  low  cost. 
There  are  many  variations  that  you  can  do,  so  use  this 
as  a starting  point  and  follow  your  imagination.  Figure  1 
shows  the  basic  idea  of  how  this  works. 

What  You  Need 

Photo  1 shows  the  basic  parts  needed.  The  Printed 
Circuit  Board  (PCB)  in  the  lower  left  has  just  four  switch- 
es on  it.  These  switches  must  be  the  very  common 
"membrane"  push-button  type,  but  the  housing  can  vary 
(more  details  on  this  later).  Typical  switches  are  shown 
to  the  right  of  the  PCB.  You  will  also  need  the  overlay 
graphics  (upper  left).  This  is  just  a piece  of  paper  with 
whatever  you  want  on  it. 

Obviously,  the  push  buttons  on  the  overlay  must  line 
up  with  the  PCB  switches.  I also  make  a second  "work 
overlay."  This  has  the  mounting  holes  for  the  PCB  and 
front  panel  (lower  right).  This  makes  alignment  much 
easier. 

Generally,  this  paper  overlay  is  created  with  whatev- 
er computer  software  graphics  package  you  have. 
Although,  you  could  do  it  by  hand. 

The  "special"  items  you  need  are  two-inch  wide 
transparent  package  sealing  tape  and  double-sided  cel- 
lophane tape.  Both  of  these  are  available  at  any  office 
supply  store.  You  don't  really  need  the  package  sealing 
tape  dispenser  (about  $20.00)  but  it  makes  things  much 
easier.  You'll  also  need  basic  hand  tools  and  a drill  (a 
drill  press  is  much  easier). 

Drill  the  Front  Panel 

The  first  step  is  to  drill  the  front  panel  with  holes  for 
the  switches  and  mounting  holes  for  the  PCB.  You  need 
to  provide  good  alignment  between  the  overlay,  front 
panel,  and  PCB.  Photo  2 shows  the  paper  work  overlay 
attached  to  the  front  panel  with  a couple  pieces  of  dou- 
ble-sided tape.  The  center  points  of  the  switches  and 
mounting  holes  are  center  punched  through  the  paper. 

Note  that  the  tape  extends  beyond  the  front  panel. 
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Custom  Membrane  Switches 


Photo  2.  The  paper  work  overlay  is 
attached  to  the  front  panel  with  a couple 
of  pieces  of  double-sided  tape. 


This  makes  removing  it 
easy.  Also,  this  particular 
front  panel  is  aluminum. 

If  you  use  a plastic  front 
panel,  don't  center  punch 
too  hard  or  else  you'll 
break  the  plastic. 

Big  Holes  for 
the  Switches 

Photo  3 shows  the 
results.  The  PCB  is  tem- 
porarily mounted  to  the 
front  panel  and  the  work 

overlay  has  been  

removed.  Note  that  the  |i 
switch  holes  are  about  H 
0.5-inch  in  diameter.  This 

allows  the  switch  body  to  extend  part  way  through  the 
front  panel.  (Be  careful  with  shorts  to  a metal  front 
panel.)  If  you  use  long  actuator  switches,  still  use  about 
0.5-inch  diameter  holes.  This  is  because  the  overlay  has 
to  flex  a little.  Holes  that  are  too  small  won't  flex  very  well. 
You  may  want  to  experiment. 

You  will  also  have  to  adjust  the  spacing  of  the  PCB  so 
that  the  top  of  the  switch  actuator  is  just  about  level  with 
the  top  of  the  front  panel.  In  this  case,  a single  nut  pro- 
vides the  proper  spacing. 

Attaching  the  Overlay 


Photo  3.  This  shows  the  results  — the  PCB  is 
temporarily  mounted  to  the  front  panel  and 
the  work  overlay  has  been  removed. 


trimmed-to-size  overlay.  If  you  have  air 
bubbles,  carefully  pierce  the  paper  to  let 
the  air  out.  Don't  pierce  the  tape  or  else  it  will 
eventually  tear  there. 

Carefully  place  the  overlay  on  the  front 
cover.  This  is  the  hardest  part.  You  have  to  make  sure  that 
the  alignment  is  perfect  before  you  press  down.  If  you  try 
to  move  the  overlay  after  it's  stuck  to  the  tape,  it  will 
almost  certainly  tear.  I shine  a bright  light  behind  the  front 
panel  so  that  the  holes  shine  through  the  overlay.  This 
makes  alignment  easier.  Once  you  are  sure  the  alignment 
is  correct,  press  the  overlay  down  from  the  middle  to  the 
edges.  There  is  no  easy  way  to  remove  air  bubbles. 

Trim  away  the  excess  double-sided  tape.  This  should 
look  like  Photo  5. 

Final  Assembly 


Remove  the  PCB  and  put  double-sided  tape  on  the 
front  panel.  Use  strips  side  by  side,  without  any  overlap. 
Be  sure  that  this  tape  is  wider  and  taller  than  the  overlay 
— the  excess  will  be  trimmed  off. 

Again,  extending  the  tape  beyond  the  front  panel 
makes  trim  removal  easier.  Remove  tape  from  all  open- 
ings in  the  front  panel.  An  Xacto  knife  works  well  for  this. 
See  Photo  4. 

Use  the  package  sealing  tape  to  cover  the  overlay  — 
and  be  careful  — this  step  shows 
any  and  all  mistakes.  (It's  often 
worthwhile  to  have  several  spare 
paper  overlays.)  If  the  overlay  is 
wider  than  the  tape,  you  can 
either  put  the  next  strip  side-  by- 
side or  overlap  slightly  (about 
1 /8-inch).  If  you  overlap,  try  to 
place  the  seam  away  from  switch 
openings. 

Note,  I find  that  putting  tape 
on  the  overlay  and  then  trim- 
ming/cutting the  overlay  to  size 
from  the  paper  easier  than  trying 
to  put  tape  on  an  already 
FEBRUARY  2004 


Carefully  cut  through  the  overlay  for  the  PCB  mount- 
ing holes.  Attach  the  PCB  with  the  proper  spacers.  The 
membrane  switch  should  now  work  (see  Photo  6).  You 
may  want  to  experiment  with  the  spacing  to  provide  the 
switch  feel  you  like. 

Variations  and  Notes 

This  particular  version  had  only  the  switches  on  the 
PCB.  If  you  want  to  mount  parts  on 
the  PCB,  there  are  two  basic  ways 
to  do  that. 

First,  use  tall  actuator  switches. 
This  allows  parts  to  be  placed  on 
the  same  side  as  the  switches.  This 
requires  longer  spacers  and  obvi- 
ously limits  the  height  of  the  parts. 
The  second  way  is  to  put  the  parts 
on  the  "back"  side  of  the  PCB. 
However,  in  practice,  it  would  be  the 
switches  that  are  mounted  on  the 
back  of  the  PCB  while  the  parts  are 
on  the  front. 

But  what  about  LEDs  or  dis- 
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Amazing  Devices 


Anti  Gravity  Projects 

All  new  mini  35  kv  1.5 
ma  adjustable  output 
power  supply  with 
instructions  on  making 
a simple  craft. 

GRAIKKit $59.95 

GRA10  Assembled $99.95 


Green  Lasers  Pointers 

with  Coliminator 


1 0,000  feet  plus  - Full  5 mw.  A real 
beauty!! 

LAPNGR5  Ready  to  use..  $129.95 


30  Inch  Spark 
Tesla  Coil 

Light  weight  table  top  unit 
is  only  35  lbs  with  air 
cooled  two  point  spark 
gap.  For  110  or  220 
operation. 

BTC4KKit $899.95 

BTC40Assmbld $1199.95 

BTC3K  Kit  lOinch  spark  ..  $349.95 


Phaser  Pain  Field  Pistol 

Experimental  device  for 
animal  control.  Variable 
and  complex  output  over 
130db.  Do  not  point  at 
people!  Higher  powered 
and  rental  units  available. 

PPP1K  Kit 

PPP10  Assembled 


IJSIUI 

T 


$49.95 

$79.95 


Burning  Laser  Ray  Gun 

Uses  our  sealed 
C02  laser  tube  and 
high  efficiency 
current  source  to 
generate  a continous  beam  capable  of 
lighting  fires  over  distances.  Operates 
12  vdc  with  optional  inverterfor field  or 
115vacforlab  use. 

LABURN1  Plans $20.00 

(all  parts  available) 


Information  Unlimited 

Box  716,  Amherst,  NH  03031  USA 
Orders:  1-800-221-1705 
Fax:  1-603-672-5406 
Email:  riannini@metro2000.net 
Catalog  $2.00 

— C„c,e#, 30  on  theReader  Se^Ca.: 
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Photo  5.  Trim  away  the  excess 
double-sided  tape. 


Photo  6.  Carefully  cut 
through  the  overlay  for 
the  PCB  mounting 
holes.Attach  the  PCB 
with  the  proper  spacers. 
The  membrane  switch 
should  now  work. 


plays?  Yes,  windows  are  easy  to 
make.  Just  remove  the  proper  area 
on  the  paper  overlay  before  applying 
the  package  sealing  tape.  This 
leaves  a window  with  sticky  tape  on 
the  inside  face.  Now,  cut  a piece  of 
package  sealing  tape  a little  larger 
than  the  display  opening.  Carefully 
attach  that  to  the  inside  of  the  win- 
dow — sticky  side  to  sticky  side.  No 
more  stick!  And  the  window  will 
be  very  clear.  (Watch  out  for  air 


bubbles.) 

Finally,  PCB 
flex  can  be  a prob- 
lem. That  is,  the 
PCB  flexes  instead 
of  the  switch  clos- 
ing. This  happens 
if  there  is  too  much 
distance  from  the 
switch  to  the  PCB 
mounting  holes. 
Usually  this  has  to 
be  more  than  an 
inch  or  two.  The 
solution  is  to  add  a 
mounting  hole 
closer  to  the 
switch.  However, 
sometimes  it  is 
possible  to  get  a 
switch  that  needs 
less  pressure  to  close. 

Conclusion 

Attractive  custom  pre-produc- 
tion membrane  switches  can  be  fab- 
ricated quickly  and  cheaply  using 
simple  tools  and  materials.  They  are 
water  resistant  and  can  be  quite  thin. 
Custom  switch  set-up  costs  and  lead 
times  are  eliminated  — while  giving 
your  project  that  "pro"  feel.  NV 


Electronics,  Mechanics  & Computing  Principles  V8.1 


New  Internet  technology  enables  us 
to  bring  you  our  latest  software  at  a 
fraction  of  the  usual  price  of  $160 
and  so  if  you're  looking  for  an  easy 
and  enjoyable  way  to  learn  electronics 
or  just  want  to  keep  up-to-date  then 
this  is  the  package  for  you! 


tool  for  hobbyists  and  engineers, 
containing  more  than  a thousand 
electronic,  electrical,  mechanics, 
math,  computing  and  PIC 
microcontroller  topics. 

See  web  site  for  a full  listing. 

Simple  one-click  to  download  and  fully 
install  to  your  hard  drive  with  a 
backup  copy,  by  visiting  our  web  site 
and  selecting  electronics. 


www.eptsoft.com 


FREE  downloadable  updates. 
For  CD-ROM  install  add  $8.00 
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QUALITY  Parts 
FAST  Shipping 
DISCOUNT 
Pricing 


Compact,  rugged,  black  aluminum  flashlight 
provides  a high-intensity  light  that  can  be  seen 
over  a mile.  Light  is  provided  by  four  low-cur- 
rent,  high-brightness  white  LEDs,  so  the  batter- 
ies last  10  times  longer.  LED  lamps  are  shock- 
resistant  and  water-resistant  and  have  a long 
operating  life.  Flashlight  is  7.5"  long  x 0.72" 
diameter  (handle).  Includes  A CQ 

3 AA  batteries.  CAT#  FL-4  | ^ 

Also  available  with  ultra-bright  RED  leds.  Ideal 
where  light  pollution  or  interference  with  night- 
vision  is  undesirable,  i.e.  dark  rooms,  astrono- 
my outings,  night  nature  hikes^K  ^ Cfj 
CAT  # FL-5  'MUe 


Special  Quantity  Pricing 
Green  T-1  3/4  LED 


Liteon#  LTL-307G.  Our  lowest  price  ever 
on  standard  green  5mm  diameter 
(T-1  3/4)  LEDs.  Green  diffused,  standard 
brightness  LEDs.  Clean,  full-leaded 
devices.  Original  manufacturer  packaging. 
CAT#  LED-2  Hrtl  £-4  50 


10r$"|‘ 


7 foot  black  2 cond./18AWG 
power  cord.  SPT-2  insulation. 
In-line  thumbwheel  switch 
rated  (6  Amps  / 1 25  Vac)  is 
16”  from  the  end  of  the  cord. 
Molded  polarized  plug  one 
end.  Stripped  and  tinned 
ends.  Hanked.  UL,  CSA. 
CAT#  LC AC-1 42 


90fac 


Johnson  Motor. 

0.78"  x1"x  1.38"  long. 

0.08"  (2mm)  diameter  x 
0.33"  long  shaft.  10,000  RPM  @ 3 Vdc  @ 

40  mA  (no-load  rating).  Solder-lug  terminals. 
CAT#  DCM-189  1 20  for  42©  each 

480  for  38©  each 
960  for  34©  each 


2.or$"P 


AAA  Alkaline  Battery 


Special  purchase.  ( ff  t 

Panasonic  Industrial 
AAA  alkaline  batteries. 

July  2005  expiration. 

CAT#  AB-3 


4tor$-|5Q 

I 100  for  $27.50  | 


2 PHASE  STEPPER  MOTOR 


Oriental  Motor  Co. 

Vexta  # PH265-04-C9 
2-phase,  1 .8  degree  1 
per  step.  5 VDC  1 Amp. 

2.22"  diameter  x 2"  long. 

2.3"  square  mounting 
flange  with  4 holes  on 
1 .85"  centers. 

0.25"  dia.  x 0.75"  long  shaft. 

6 color-coded  wires.  <fc-|C00 

CAT  # SMT-67  | O each 

1 7.2V  1200  mAh  Li-Ion  Battery  Pack\ 

Qualcomm  #TABAT0001. 

Rechargeable  7.2  Volt,  1200  mAh 
battery  pack  for  Sprint  PCS  phone, 
model  #CM-D600S.  Great  for  use  in 
any  applications  requiring  recharge- 
able power.  Lithium-ion  batteries 
have  no  "memory-effect"  and  do  nc 
need  to  be  discha 
recharging.  2.77"  x 1 .5"  x 0.78."  (1 
CAT#  LBAT-35 

Qualcomm  #TADTC0003.  Desk-top,  drop-in 
charger  for  lithium-ion  battery  pack,  LBAT-35. 
Includes  12Vdc,  300  mA 
wall  power  supply. 

CAT#  BC-9 


$4,50 

^^Feach 


Table-top  power 
supply  provides 
12  Vdc,  2.5  Amps 
(4  Amps  max)  of 
power  for  J 

equipment 
with  an  automotive 
cigarette-style  power  cord.  Ideal  for  cell 
phones  and  chargers,  laptop  computers 
and  audio  equipment.  Q C 

CAT#  DCTX-1 226  S> 1 U 

^ each 

1 80  Watt  Switching  Power  Supply  \ 

Condor  # GPC80P 
Input:  100-240  Vac^ 

Outputs:  +5V® 

12  Amps, 

+24  V @ 

3.5  Amps, 

+12  V @ 2 Amps, 

-12  V @ 1 Amp.  80  W continuous,"4 
110W  with  air  flow.Open-frame  supply, 

7”  x 4.5”  x 1 .94”  high.  UL,  CSA,  TUV. 

CAT#  PS-203  &AA75 

I 10  for  $13.75  each  | V | each 


Lighted  Exit  Sign 


Red  letters  and 
configurable  pop-out 
arrows.  120  Vac 
12  Watt  operation. 

High  impact  thermo- 
plastic housing  can  be  ^ 
configured  for  single-sided  wall  or  ceiling 
mount  or  double-sided  ceiling  mount.  Includes 
snap-in  canopy/  J-box  covers  for  simple, 
secure  installation.  Off-white  housing,  12"  x 
7.5"  x 1 .8".  CSA  listed  for  damp  locations. 

CAT#0CN-1 <tQ50 

I 6 for  $7.50  each  | yQ 


Peach 


Shop  on-line  www.allelectronics.com 

ORDER  TOLL  FREE  1-800-826-5432 


MAIL  ORDERS  TO: 

ALL  ELECTRONICS  CORP. 

P.O.  BOX  567  • VAN  NUYS,  CA  91408-0567 


FAX  (818)  781-2653  • INFO  (818)  904-0524 

E-MAIL  allcorp  @allcorp.  com 


NO  MINIMUM  ORDER  • All  Orders  Can  Be  Charged  to  Visa,  Mastercard,  American  Express  or  Discover  • Checks  and  Money  Orders  Accepted  by  Mail  • 
Orders  Delivered  in  the  State  of  California  must  include  California  State  Sales  Tax  • NO  C.O.D  • Shipping  and  Handling  $6.00  for  the  48  Continental  United 
States  - ALL  OTHERS  including  Alaska,  Hawaii,  P.R.  and  Canada  Must  Pay  Full  Shipping  • Quantities  Limited  ■ Prices  Subject  to  change  without  notice. 


MANUFACTURERS  - We  Purchase  EXCESS  INVENTORIES...  Call,  Write,  E-MAIL  or  Fax  YOUR  LIST. 
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by  Ralph  Lorenz 


The  Amazing  Frisbee 
Black  Box  or  BASIC 
Stamp  Frisbee 

Instrument  Your  Favorite  Sporting  Goods! 


Is  it  a bird?  Is  it  a plane?  No, 
it's  a computerized  Frisbee 
with  a BASIC  Stamp!  In  this 
simple  project,  I will  show  you 
how  to  make  an  ultralight,  but 
easy-to-assemble,  acceleration 
recorder  that  you  can  use  to 
measure  the  dynamics  of  small 
vehicles,  much  like  the  "black 
box"  aircraft  flight  recorders. 

Frisbee 
Background 

1 wanted  to  understand  the  aerodynamics  of  a Frisbee 
by  taking  in-flight  measurements  of  lift  and  drag. 
Although  Frisbees  (the  name  — a corruption  of  that  of 
William  Frisbie,  a Connecticut  baker  whose  pie  tins 
formed  the  inspiration  for  flying  disks  — is  a trademark  of 
Wham-O,  Inc.)  are  very  familiar  objects,  their  impressive 
flight  performance  is  only  documented  with  a handful  of 
published  studies  and  wind-tunnel  measurements.  Some 


background  can  be  found  at 
www.discwing.com  and  at 
http://mae.engr.ucdavis.edu 
/ ~ biosport/frisbee/frisbee. 
html.  By  taking  in-flight  meas- 
urements, I would  understand 
the  changing  aerodynamic 
forces  throughout  a free  flight. 

The  challenge  was  to  make 
a super-lightweight  and  com- 
pact instrument  package.  The 
accelerometer  and  the  micro- 
controller were  tiny  enough,  but  the  power  supply  pre- 
sented a problem.  Two  lithium  button  cells  (CR2032)  in 
series  can  provide  6 V,  but  only  about  10  mA  of  current. 
This  is,  however,  just  enough  to  run  a BASIC  Stamp  II 
(although  not  enough  to  run  other,  faster  microcontrollers 
like  the  BS2-SX  or  a BasicX-24.)  The  accelerometer  draws 
just  a few  milliamps  at  most. 

The  circuit  itself  is  very  simple,  as  the  accelerometer 
interfaces  very  easily  with  the  microcontroller.  Given  5 V, 
it  spits  out  two  square  wave  signals,  which  are  pulse-width 


Figure  I.  Circuit  diagram  for  the  ADXL202  (A)  and  MEMSIC  2125  (B)  accelerometer  options. 
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modulated  (PWM)  by  the  acceleration  in  two  axes.  If  it 
senses  zero-g,  if  that  axis  of  the  accelerometer  (there  are 
two)  is  horizontal,  or  if  the  device  is  in  free-fall,  the  duty 
cycle  of  the  output  is  50%.  The  duty  cycle  increases  by 
12.5%  for  each  "g"  of  acceleration,  up  to  two  in  each  direc- 
tion. So,  all  the  circuit  does  is  measure  the  pulse  lengths 
on  the  two  accelerometer  axes,  record  those  numbers,  and 
read  them  out  afterwards.  Simple! 

Choice  of  Accelerometer 

The  best  device  to  use  is  the  Analog  ADXL202.  The 
accelerometer  itself  is  a tiny  surface-mount  device,  but  it  is 
conveniently  sold  on  an  evaluation  board.  This  unit  used  to 
be  sold  by  Parallax  (the  makers  of  the  BASIC  Stamp),  but 
they  have  replaced  it  in  their  catalog  with  a MEMSIC  unit, 
which  is  a little  smaller. 

There  are  three  big  differences  between  these  devices. 
The  Analog  device  uses  a bending  beam  to  sense  acceler- 
ation and  can  be  tuned  to  optimize  bandwidth  against 
signal-to-noise  (two  0.1  mF  capacitors  and  a 120K  resistor 
on  the  board  set  the  pulse  width  and  sensing  bandwidth 
correctly  for  this  application,  the  PWM  period  being  about 
1 ms),  and  draws  only  about  0.5  mA.  The  MEMSIC  unit 
uses  a different  sensing  principle,  measuring  the  "gravity- 
driven"  convection  of  heated  air.  It,  therefore,  has  an  intrin- 
sically slower  response,  and  draws  more  current  — about  4 
mA.  The  evaluation  board  sold  by  Parallax  has  the  PWM 
period  fixed  at  10  ms  — giving  great  accuracy,  but  a slow 
response.  For  convenience,  I give  construction  details 
(Figure  1 A,  B)  for  both  kinds  of  accelerometer,  but  the 
ADXL202  is  better. 

Construction 

Most  of  the  lift  on  the  Frisbee  comes  from  its  top,  so  it 
was  safe  to  mount  the  circuit  on  the  underside  of  the  disc 


where  it  doesn't  greatly  affect  the  airflow.  I put  clear  plas- 
tic tape  over  much  of  the  circuit  after  assembly  to  smooth 
the  airflow  and  minimize  any  drag  effects. 

I assembled  my  first  circuit  on  a piece  of  stripboard  for 
sturdiness,  but,  since  there  are  actually  very  few  connec- 
tions, it  is  easier  (and  lighter)  to  make  individual  wire  con- 
nections to  an  IC  socket.  Complete  with  batteries  and 
switch,  the  circuit  board  version  weighed  around  28  g;  the 
bare-bones  version  was  under  20  g (Figure  2).  These 
weights  are  minimal  when  compared  with  the  175  g weight 
of  the  Frisbee  — less  than  20%. 

I added  an  LED,  just  to  be  able  to  see  what  the  pro- 
gram was  doing.  The  program  strobes  it  rapidly  when  it  is 
taking  data,  and  goes  on  constantly  afterwards  when  the 
code  is  reading  out  the  data.  A dark  LED  is  a sure  sign  that 
something  isn't  working. 

The  other  items  in  the  circuit  are  the  two  cells  connect- 
ed in  series  (I  gave  them  a few  inches  of  wire,  so  that  the 
cells  could  be  placed  around  the  center  of  the  Frisbee,  bal- 
ancing it)  and  a slide  switch.  Placing  this  near  the  rim  of 
the  disc  meant  the  circuit  could  be  turned  on  just  as  I threw 
the  Frisbee.  I mounted  all  the  items  on  the  underside  of  the 
disc  with  silicone  adhesive  (Figure  3).  It  is  important  to 
mount  the  accelerometer  as  close  to  the  center  as  possi- 
ble. One  accelerometer  axis  should  be  along  the  spin  axis 
of  the  Frisbee. 

One  approach,  if  you  have  a BASIC  Stamp  bread- 
board, is  to  download  the  program  to  it,  and  transfer  the 
chip  to  the  Frisbee  set-up.  However,  if  you  want  to  tweak 
the  program,  this  can  be  tedious  and  tends  to  bend  pins  on 
the  Stamp.  What  I did  was  to  make  a separate  cable  to  link 
a nine-pin  serial  connector  to  pins  1-4  on  the  Stamp  via  a 
small  header  (Figure  4.)  Because  the  serial  handling  for 
downloading  the  data  from  the  unit  after  flight  is  easier,  the 
data  output  is  on  pin  5 (P0)  — a two-wire  header  (or  two  pins 
of  a five-pin)  connects  pin  4 (ground)  and  pin  5 to  a serial 
conector.  This  connector  is  easily  attached  after  the  flight. 
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Figure  3.  Close-up  of  "skeleton"  boardless  construction 
around  the  24-pin  1C  socket,  with  the  MEMSIC 
accelerometer  on  the  left.  Note  the  header  pins  for  the 
realtime/sample-and-readout  switch  and  serial  connector. 

The  Program  Operation 


The  BS2  has  a 2 K EEPROM,  which  must  contain  the 
program,  as  well  as  any  data.  The  program  itself  is  quite 
short  and  leaves  about  1 ,600  bytes  of  EEPROM  memory 
spacefor  data  storage.  The  BS2  reads  the  accelerometer  with 
the  Pulseln  command,  which  returns  the  length  of  a positive 
Pulseln  the  PWM  output  stream,  measured  in  units  ("ticks") 
of  two  microseconds.  (1  found  that  using  two  Pulseln  com- 
mands reduces  noise  for  the  ADXL202,  although  for  the 
MEMSIC,  this  slows  the  execution  speed  too  much.) 

Now,  numbers  like  the  Pulseln  output  are  16-bit  (two 
byte)  words.  To  store  each  reading  for  each  of  the  two 
accelerometer  axes  would  not  only  require  two  EEPROM 
write  operations  (which  are  slower  than  most  of  the  BS2 
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operations,  like  arithmetic)  and  would  require  two  of  the 
precious  bytes  of  EEPROM.  But,  adequate  precision 
(about  2%)  for  this  application  can  be  had  with  only  eight 
bits  of  data.  The  ADXL202  output  is  easily  scaled  to  an 
eight-bit  range  (0-255)  by  subtracting  about  80  from  the 
output.  The  much  slower  MEMSIC  device  has  a longer 
pulse  length,  and  so  the  output,  in  ticks,  needs  to  be  divid- 
ed by  a factor  of  10,  as  well  as  subtracted  — you  might 
need  to  fine-tune  these  numbers  yourself.  The  program 
reads  the  sensors,  performs  this  conversion,  and  stores 
one  byte  per  reading  in  EEPROM. 

Once  the  program  has  finished  sampling  (about  12 
seconds  for  the  ADXL202  version  — long  enough  for  any- 
thing except  a record-breaking  Frisbee  flight!),  it  reads 
out  the  data  to  the  serial  port  as  two  columns  of  numbers 
separated  by  a comma.  The  two  accelerations  are  report- 
ed as  eight-bit  integers.  To  convert  to  real  accelerations,  I 
read  the  data  into  a spreadsheet  program  and  convert 
according  to  a formula  such  as: 

Acceleration(g)  = Reading  - Reading(Og) 

Reading(lg)-Reading(0g) 

where  the  1 g reading  is  for  that  axis  of  the  accelerome- 
ter pointed  downwards,  and  the  0 g reading  for  the 
orthogonal  axes. 

For  testing/debugging  and  getting  these  calibration 
readings,  1 found  it  easier  to  have  the  BS2  read  data  out  in 
real  time  to  the  serial  port,  rather  than  storing  and  reading 
it  out  later.  Rather  than  reprogramming  the  BS2  each  time, 
I switched  between  the  two  modes  with  a jumper  cable  that 
acts  as  a switch  on  pin  12  — you  could  easily  install  a 
switch,  although  this  might  be  heavier  than  a jumper.  To 
simplify  the  wiring,  I took  the  lazy  approach  of  supplying 
the  5 V for  this  test  from  pin  11;  pin  12  is  pulled  low  by  a 
100  K resistor  to  ground,  unless  pins  11  and  12  are  linked. 

The  data  can  be  captured  by  setting  up  a terminal 
program  (Hyperterminal  is  installed  on  most  Windows 
PCs)  — the  settings  have  to  be  9600  baud,  8 data  bits,  1 
stop  bit,  no  parity,  and  no  flow  control.  The  data  can  be 
captured  to  a text  file,  converted  as  above  in  a spread- 
sheet program,  and  then  graphed  for  analysis. 

Making  Sense  of  it  All 

The  800  readings  in  12  seconds  correspond  to  about 
65  two-axis  samples  per  second.  (Using  the  MEMSIC 
device  gets  only  about  30  samples  per  second,  although 
the  record  lasts  longer).  You  can  get  the  sample  rate  by 
watching  the  LED  to  determine  the  exact  time  of  the 
record  and  dividing  by  800. 

The  record  shows  a violent  disturbance  as  the  disc  is 
thrown.  The  axial  accelerometer  channel  shows  an 
almost  constant  time-average  value  of  about  -0.8  g,  indi- 
cating almost  level  flight  up  to  the  end,  although  there  are 
a lot  of  oscillations  added  from  the  wobbling  of  the  slight- 
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ly  imbalanced  Frisbee  just  after  the 
throw.  The  radial  accelerometer  also 
shows  a -0.5  g offset,  due  to  the  fact 
that  the  accelerometer  isn't  quite 
dead-center,  and  so  it  records  a con- 
stant offset  due  to  the  centripetal 
acceleration,  proportional  to  the 
square  of  the  spin  rate.  The  radial  sig- 
nal has  a spin-modulated  component 
about  this  mean,  due  to  the 
accelerometer  axis  alternately  being 
along  and  against  the  drag  force 
(actually,  the  disc  flies  with  a slight 
nose-up  "angle  of  attack",  so  what  is 
sensed  here  is  drag  force  and  a bit  of 
lift  that  is  inclined  backwards).  The 
period  of  this  oscillation  directly  indi- 
cates the  spin  rate  of  the  Frisbee, 
which  a careful  study  shows  to  be 
decreasing  from  about  6.5  to  about 
5.5  revolutions  per  second. 

Interpreting  these  results  in  quan- 
titative aerodynamic  terms  is,  of 
course,  an  involved  business,  but  just 
looking  at  the  graphs  gives  you  a 
good  idea  of  what  is  going  on. 
Analyzing  data  like  this  might  make  a 
good  science  fair  or  other  project. 

Other  Ideas 

You  could  use  this  sort  of  circuit 
on  a radio-controlled  airplane,  car,  or 
boat.  A similar  circuit  could  be  used 
for  a model  rocket,  although  the  g- 
loads  will  be  much  larger  than  the  ±2 
g range  of  the  ADXL202,  so  a differ- 
ent accelerometer  would  need  to  be 
used  — the  ADXL210  is  similar  to  the 
202,  but  with  a 10  g range.  For  high- 
er accelerations,  you  may  need  to  use 
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more  sophisti- 
cated circuitry 
with  an  analog- 
to-digital  con- 
verter, as  PWM 
outputs  are  not 
typical  for  such 
high-g  devices. 

You  could 

also  try  all  kinds  of  variants  on  a 
circuit  like  this  — photodiodes  to 
measure  the  position  of  the  sun  and 
hence  the  "wobble"  on  the  Frisbee 
or  pressure  sensors  to  measure  the 
suction  that  causes  the  Frisbee's  lift. 
Maybe  infrared  or  ultrasonic  rangers 
could  tell  you  the  altitude  as  a func- 
tion of  time.  Happy  flying!  NV 


Figure  5.  Flight  results  (see  text).  Diamonds  show  the 
wobble-modulated  axial  (lift)  accelerometer,  with  a solid  line 
showing  smoothed  data.  Crosses  are  the  spin-modulated 
radial  (drag)  accelerometer.  Accelerations  go  out-of-range 
for  the  throw  at  the  beginning  and  the  impact  at  the  end. 
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by  R 

.B.  Whittingham 

The  Health  and  Safety  Executive 
has  estimated  that  80%  of  acci- 
dents are  caused  by  human  error  in 
some  form.  Loss  of  production  and 
profitability  due  to  human  error  is 
probably  incalculable,  but  is  likely  to 
run  to  many  hundreds  of  millions  of 
pounds  per  year.  There  is  a common 
misconception  that  human  error  is 
unavoidable  and  usually  arises  from 
carelessness  or  neglect.  From  this, 
there  follows  a general  belief  that 
human  error  can  only  be  prevented 
by  identifying,  blaming,  and  correct- 
ing the  individual  who  made  the 
error.  In  reality,  nearly  all  instances 
of  human  error  are  the  consequence 
of  badly  designed  systems.  The  sys- 
tems may  be  technological,  such  as 
the  design  of  the  human  machine 
interface  (e.g.,  an  aircraft  cockpit  dis- 
play) or  the  work  environment  (e.g., 
how  an  item  of  industrial  machinery 
is  operated).  Alternatively,  the  systems 
may  be  organizational,  varying  from 
an  operating  or  maintenance  proce- 
dure to  a management 
system,  or  indeed,  the  cul- 
ture of  a whole  company. 

In  all  cases,  the  sys- 
tems which  influence  the 
way  work  is  carried  out 
are  the  main  cause  of 
human  error.  If  a system 
is  badly  designed  from  a 
human  operability  per- 
spective, then  the  proba- 
bility of  errors  occurring 
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will  be  increased.  Errors  caused  by 
system  deficiencies  are  known  as 
systemic  errors  and  it  follows  from 
this  that,  by  careful  attention  to 
design,  their  incidence  can  be  limit- 
ed. Once  it  is  accepted  that  most 
errors  are  caused  by  defective  sys- 
tems rather  than  neglect,  then  human 
error  is  no  longer  seen  as  inevitable. 
Indeed,  if  the  system  faults  can  be 
identified  and  corrected,  then  there  is 
a possibility  for  error  reduction  and 
blame  can  be  virtually  eliminated  from 
the  equation.  However,  it  also  means 
that  the  remedy  for  human  error  often 
lies  in  the  hands  of  the  mechanical 
and  electrical  engineers  who  designed 
the  system  in  the  first  place. 

There  are  two  basic  approaches 
to  the  design  of  equipment  from  an 
operability  point  of  view.  The  sys- 
tem-centered approach  has  tended 
to  be  the  traditional  method  adopted 
in  the  design  process.  Here,  the 
attention  of  the  design  engineer  is 
almost  totally  directed  towards  the 


system  to  the  exclusion  of  the 
human  beings  who  will  have  to  oper- 
ate or  maintain  it.  Today,  many 
designers  are  still  tempted  to  adopt 
this  old-fashioned  approach.  Their 
natural  inclination  is  to  focus  upon 
the  system  rather  than  the  human 
being  because  of  the  perception  that 
it  is  the  system  that  delivers  the  spec- 
ified requirements.  However,  it  needs 
to  be  seen  that  the  system  comprises 
both  human  and  machine.  The  end 
result  of  such  an  approach  is  that  the 
operator  or  maintainer  must  adapt  to 
a system  that  is  not  designed  to  take 
account  of  their  needs.  Quite  often 
the  discovery  that  the  human  being 
cannot  easily  adapt  to  the  system  is 
not  realized  until  the  product  is 
brought  into  operation.  By  this  time, 
it  is  often  too  late  or  very  expensive 
to  make  the  required  changes. 

It  is  sometimes  argued  that 
designers  do  not  have  the  required 
knowledge  of  ergonomics  (see 
resources)  to  be  able  to  take  into 
account  human  factors  in 
their  designs.  However,  in 
many  cases,  all  that  is 
required  is  an  ability  to 
understand  how  the  system 
will  eventually  be  operated 
or  maintained.  This  may 
involve  no  more  than  the 
application  of  simple  com- 
mon sense.  The  result  of 
designing  equipment  with- 
out the  application  of  such 
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RESOURCES 

1 . Ergonomics  is  "an  approach  which  puts  human  needs  and  capa- 
bilities at  the  focus  of  designing  technological  systems.  The  aim  is 
to  ensure  that  humans  and  technology  work  in  complete  harmo- 
ny, with  the  equipment  and  tasks  aligned  to  human  characteristics." 
The  Ergonomics  Society,  2003,  www.ergonomics.org.uk/ergon 
omics/definition.htm 

2.  The  Blame  Machine  — Why  Human  Error  Causes  Accidents, 
Elsevier  Science  and  Technology  Books,  Oxford,  R.B.Whittingham, 
2003,  ISBN  0750655100 


thinking  is  that  when  it  is  brought  into 
operation,  even  the  most  highly  trained 
and  well-motivated  personnel  will  make 
systemic  errors  leading  to  accidents  or 
loss  of  production. 

By  contrast,  the  user-centered 
approach  ensures  that  the  design  of 
the  system  is  matched  as  closely  as 
possible  to  human  capabilities  and 
limitations.  The  Blame  Machine  — 
Why  Human  Error  Causes 
Accidents  (see  Resources)  provides 
numerous  case  studies  of  accidents 
caused  by  designs  that  ignored 
human  capabilities.  The  most  seri- 
ous aircraft  accident  to  occur  in  the 
UK  for  many  decades  occurred  at 
Kegworth  near  Nottingham  in  1987. 
The  accident  resulted  from  an  engine 
instrument  layout  that  presented 
important  information  in  a mislead- 
ing way.  The  system  may  have 
appeared  adequate  until  the  pilots 
were  faced  with  an  emergency  where 
rapid  decisions  were  called  for  based 
on  engine  data  from  the  instrument 
panel.  Under  conditions  of  high 
workload  and  stress,  the  mental 
resources  of  the  pilots  were  over- 
stretched. This  restricted  their  capac- 
ity to  properly  assimilate  information 
from  a vibration  monitor  resulting  in 
the  shutting  down  of  the  wrong 
engine.  Because  the  presentation  of 
that  information  was  poor,  the  prob- 
ability of  an  error  was  increased  and 
was  the  main  cause  of  the  accident 
at  Kegworth. 

Unfortunately,  the  need  to  adopt 
a user-centered  approach  is  still  — 
even  today  — not  fully  understood  by 
many  designers.  As  a result,  there 
are  numerous  examples  of  complex 
technological  systems  designed 
mainly  with  system  functionality  in 
mind,  ignoring  the  capabilities  and 
limitations  of  the  user.  Such  systems 
invariably  result  in  degraded  levels  of 
human  performance  with  grave  con- 
sequences for  productivity,  equip- 
ment availability,  and  safety. 
However,  the  need  of  the  engineering 
designer  — who  is  not  necessarily  an 
expert  in  human  factors  — should 
also  be  recognized.  A basic  apprecia- 
tion of  techniques  such  as  Task 
Analysis,  Human  Error  Analysis,  and 
an  understanding  of  the  various  Error 


Types,  Forms,  and 
Taxonomies  will 
help  designers  to 
recognize  how  com- 
mon human  errors 
occur.  This  under- 
standing will  lead  to 
safer  and  more  cost 
effective  designs  of 
equipment  which 
take  full  account  of 
potential  human 
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What  is 


by  MarfeB-fllch 


VIRTUAL  MEMORY? 


Virtual  memory  is  a technology  embedded  in  most 
personal  computers  that  enables  many  of  the 
advanced  operations  that  we  are  so  accustomed  to. 
However,  the  term  is  only  vaguely  familiar  to  many  peo- 
ple. When  you  paste  text  from  your  web  browser  into  your 
word  processor,  multiple  applications  are  running  simulta- 
neously with  the  operating  system  (OS)  to  make  it  all  hap- 
pen. Virtual  memory  plays  a key  role  in  allowing  those 
applications  to  coexist  with  each  other  and  with  the  OS. 

Multitasking 

Multitasking  operating  systems  execute  multiple  pro- 
grams at  the  same  time  by  assigning  each  program  a 
certain  percentage  of  the  microprocessor's  time  and  then 
periodically  changing  which  instruction  sequence  is  being 
executed.  This  is  accomplished  by  a periodic  timer  interrupt 
that  causes  the  OS  kernel  to  save  the  state  of  the  micro- 
processor's registers  and  then  reload  the  registers  with  a 
preserved  state  from  a different  program.  Each  program 
runs  for  a while,  is  paused,  and  then  execution  resumes 
without  the  program  having  any  knowledge  of  being 
paused.  In  this  respect,  the  individual  programs  in  a multi- 
tasking environment  appear  to  have  complete  control  over 
the  computer,  despite  sharing  the  resources  with  others. 

Aside  from  fair  access  to  microprocessor  time,  con- 
flicts can  arise  between  applications  accidentally  modify- 
ing portions  of  each  other's  memory  — either  program  or 
data.  How  does  an  application  know  where  to  locate  its 
data  so  that  it  will  not  disturb  that  of  other  applications 


and  so  that  it  will  not  be  overwritten?  There  is  also  the 
concern  about  system-wide  fault  tolerance.  Even  if  not 
malicious,  programs  may  have  bugs  that  cause  them  to 
crash  and  write  data  to  random  memory  locations.  In 
such  an  instance,  one  errant  application  could  bring 
down  others  or  even  crash  the  OS  if  it  overwrites  program 
and  data  regions  that  belong  to  the  OS  kernel. 

Virtual  Memory 

Virtual  memory  is  a hardware  enforced  and  software 
configured  mechanism  that  provides  each  application 
with  its  own  private  memory  space  that  it  can  use  arbi- 
trarily. This  virtual  memory  space  can  be  as  large  as  the 
microprocessor's  addressing  capability  — a full  4 GB  in 
the  case  of  a 32-bit  microprocessor.  Because  each  appli- 
cation has  its  own  exclusive  virtual  memory  space,  it  can 
use  any  portion  of  that  space  that  is  not  otherwise  restrict- 
ed by  the  kernel.  Virtual  memory  frees  the  programmer 
from  having  to  worry  about  where  other  applications  may 
locate  their  instructions  or  data  because  applications  can- 
not access  the  virtual  memory  spaces  of  others. 

The  MMU 

Clearly,  multiple  programs  cannot  place  different 
data  at  the  same  address  or  each  simultaneously  occupy 
the  microprocessor's  entire  address  space.  The  OS  kernel 
configures  a hardware  memory  management  unit  (MMU) 
to  map  each  program's  virtual  addresses  into  unique  phys- 
ical addresses  that  correspond  to  actual  main  memory. 
Each  unique  virtual  memory  space  is  broken  into  many 
small  pages  that  are  often  in  the  range  of  2 KB  to  16  KB 
in  size  (4  KB  is  a common  page  size).  The  OS  and  MMU 
refer  to  each  virtual  memory  space  with  a process  ID 
(PID)  field.  Virtual  memory  is  handled  on  a process  basis 
rather  than  an  application  basis  because  it  is  possible  for 
an  application  to  consist  of  multiple  semi-independent 


This  material  was  originally  published  in  Complete  Digital  Design: 
A Comprehensive  Guide  to  Digital  Electronics  by  Mark  Balch,  ©2003 
by  The  McGraw-Hill  Companies.  Reproduced  with  permission. 
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processes.  The  high-order  address  bits  referenced  by  each 
instruction  form  the  virtual  page  number  (VPN).  The  PID 
and  VPN  are  combined  to  uniquely  map  to  a physical 
address  set  aside  by  the  kernel  as  shown  in  Figure  1 . 

Low-order  address  bits  represent  offsets  that  directly 
index  into  mapped  pages  in  physical  memory.  The  mapping 
of  virtual  memory  pages  into  physical  memory  is  assigned 
arbitrarily  by  the  OS  kernel.  The  kernel  runs  in  real  memory 
rather  than  in  virtual  memory  so  that  it  can  have  direct  access 
to  the  computer's  physical  resources  to  allocate  memory  as 
individual  processes  are  executed  and  then  terminated. 

Despite  each  process  having  a 4 GB  address  space, 
virtual  memory  can  work  on  computers  with  just 
megabytes  of  memory  because  the  huge  virtual  address 
spaces  are  sparsely  populated.  Most  processes  use  only  a 
few  hundred  kilobytes  to  a few  megabytes  of  memory  and, 
therefore,  multiple  processes  that  collectively  have  the 
potential  to  reference  tens  of  gigabytes  can  be  mapped 
into  a much  smaller  quantity  of  real  memory. 

If  too  many  processes  are  running  simultaneously,  or  if 
these  processes  start  to  consume  too  much  memory,  a com- 
puter can  exhaust  its  physical  memory  resources,  thereby 
requiring  some  intervention  from  the  kernel  to  either  sus- 
pend a process  or  handle  the  problem  in  some  other  way. 

Memory  Allocation 

When  a process  is  initiated,  or  spawned,  it  is  assigned 
a PID  and  given  its  own  virtual  memory  space.  Some  ini- 
tial pages  are  allocated  to  hold  its  instructions  and  what- 
ever data  memory  the  process  needs  available  when  it 
begins.  During  execution,  processes  may  request  more 
memory  from  the  kernel  by  calling  predefined  kernel 
memory  management  routines.  The  kernel  will  respond 
by  allocating  a page  in  physical  memory  and  then  return- 
ing a pointer  to  that  page's  virtual  mapping.  Likewise,  a 
process  can  free  a memory  region  when  it  no  longer 
needs  it.  Under  this  circumstance,  the  kernel  will  remove 
the  mapping  for  the  particular  pages,  enabling  them  to  be 
reallocated  to  another  process  — or  the  same  process  — at  a 
later  time.  Therefore,  the  state  of  memory  in  a typical  multi- 
tasking OS  is  quite  dynamic  and  the  routines  to  manage 
memory  must  be  implemented  in  software  due  to  their  com- 
plexity and  variability  according  to  the  platform  and  the 
nature  of  processes  running  at  any  given  time. 

Swapped! 

All  mapped  virtual  memory  pages  do  not  have  to  be 
held  in  physical  RAM  at  the  same  time.  Instead,  the  total 
virtual  memory  allocation  on  a computer  can  spill  over 
into  a secondary  storage  medium  such  as  a hard  drive. 
The  hard  drive  will  be  much  slower  than  DRAM,  but  not 
every  memory  page  in  every  process  is  used  at  the  same 
time.  When  a process  is  first  loaded,  its  entire  instruction 
image  is  typically  loaded  into  virtual  memory.  However,  it 
will  take  some  time  for  all  of  those  instructions  to  reach 
their  turn  in  the  execution  sequence.  During  this  wait  time, 
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the  majority  of  a process's  program  memory  can  be 
stored  on  the  hard  drive  without  incurring  a performance 
penalty.  When  those  instructions  are  ready  to  be  execut- 
ed, the  OS  kernel  will  have  to  transfer  the  data  into  physi- 
cal memory.  This  slows  the  system  down,  but  makes  it 
more  flexible  without  requiring  huge  quantities  of  DRAM. 

Part  of  the  kernel's  memory  management  function  is 
to  decide  which  virtual  pages  should  be  held  in  DRAM  and 
which  should  be  swapped  out  to  the  disk.  Pages  that  have 
not  been  used  for  a while  can  be  swapped  out  to  make 
room  for  new  pages  that  are  currently  needed.  If  a process 
subsequently  accesses  a page  that  has  been  moved  to  the 
disk,  that  page  can  be  swapped  back  into  DRAM  to  replace 
another  page  that  is  not  needed  at  the  time.  A computer 
with  256  MB  of  DRAM  could,  for  example,  have  a 512  MB 
swap  file  on  its  hard  drive,  enabling  processes  to  share  a 
combined  768  MB  of  used  virtual  memory. 

This  scheme  of  expanding  virtual  memory  onto  a disk 
effectively  turns  the  computer's  DRAM  into  a large  cache 
for  an  even  larger  disk-based  memory.  A virtual  memory 
page  that  is  not  present  in  DRAM  is  effectively  a cache 
miss  with  a large  penalty  because  hard  disks  are  much 
slower  than  DRAM.  Such  misses  are  called  page  faults. 
The  MMU  detects  that  the  requested  virtual  memory 
address  from  a particular  PID  is  not  present  in  DRAM  and 
causes  an  exception  that  must  be  handled  by  the  OS  ker- 
nel. It  is  the  kernel's  responsibility  to  swap  pages  to  and 
from  the  disk.  For  a virtual  memory  system  to  function 
with  reasonable  performance,  the  working  set  of  memory 
across  all  the  processes  running  should  be  able  to  fit  into 
the  computer's  physical  memory.  The  working  set 
includes  any  instructions  and  data  that  are  accessed  with- 
in a local  time  interval.  Processes  with  good  locality  char- 
acteristics will  do  well  in  a virtual  memory  system. 
Processes  with  poor  locality  may  result  in  thrashing  as 
many  sequential  page  faults  are  caused  by  random 
accesses  throughout  a large  virtual  memory  space. 

Page  Tables 

The  virtual  to  physical  address  mapping  process  is 
guided  by  the  kernel  using  a page  table,  which  can  take  var- 
ious forms,  but  must  somehow  map  each  PID/VPN  combi- 
nation to  either  a physical  memory  page  or  one  located  on 
the  disk  drive's  swap  area.  Virtual  page  mapping  is  illustrat- 
ed in  Figure  2,  assuming  4 KB  pages,  a 32-bit  address 
space,  and  an  8-bit  PID.  In  addition  to  basic  mapping  infor- 


FIGURE  2.  Virtual  Page  Mapping 
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mation,  the  page  table  also  contains  status  information 
including  a dirty  bit  that  indicates  when  a page  held  in 
memory  has  been  modified.  If  modified,  the  page  must  be 
saved  to  the  disk  before  being  flushed  to  make  room  for  a 
new  virtual  page.  Otherwise,  the  page  can  be  flushed  with- 
out further  action.  Given  a 4 KB  page  size  and  a 32-bit 
address  space,  each  process  has  access  to  220  = 1,048,576 
pages.  With  256  PIDs,  a brute-force  page  table  would  con- 
tain more  than  268  million  entries!  There  are  a variety  of 
schemes  to  reduce  page  table  size,  but  there  is  no  escap- 
ing the  fact  that  a page  table  will  be  large.  Page  table  man- 
agement schemes  are  largely  an  issue  of  OS  architecture 
and  are  outside  the  scope  of  this  discussion.  The  fact  that 
the  page  table  is  large  and  is  parsed  by  software  means 
that  the  mapping  process  will  be  extremely  slow  without 
hardware  assistance.  Every  access  to  virtual  memory, 
in  other  words  almost  every  access  performed  on  the 
computer,  requires  mapping,  which  makes  hardware 
acceleration  critical  to  the  viability  of  virtual  memory. 


Within  the  MMU  is  a translation  lookaside  buffer 
J (TLB),  a small,  fully  associative  cache  that  allows  the 
MMU  to  rapidly  locate  recently  accessed  virtual  page 
— mappings.  Typical  sizes  for  a TLB  are  just  16  to  64 
■ entries  because  of  the  complexity  of  implementing  a 
fast  fully  associative  cache.  When  a process  is  first 
spawned,  it  has  not  yet  performed  virtual  memory  access- 
es, so  its  first  access  will  result  in  a TLB  miss.  When  a TLB 
miss  occurs,  an  exception  is  generated  that  invokes  the 
kernel's  memory  management  routine  to  parse  the  page 
table  in  search  of  the  correct  physical  address  mapping. 
The  kernel  routine  loads  a TLB  entry  with  the  mapping 
information  and  exits.  On  subsequent  memory  accesses, 
the  TLB  will  hit  some  and  miss  some.  It  is  hoped  that  the 
ratio  of  hits  to  misses  will  decline  rapidly  as  the  process 
executes. 

As  more  processes  actively  vie  for  resources  in  a 
multi-tasking  system,  they  may  begin  to  fight  each  other 
for  scarce  TLB  entries.  The  resources  and  architecture  of 
a computer  must  be  properly  matched  to  its  intended 
application.  A typical  desktop  or  embedded  computer 
may  get  along  fine  with  a small  TLB  because  it  may  not 
have  many  demanding  processes  running  concurrently.  A 
more  powerful  computer  designed  to  simultaneously  run 
many  memory  intensive  processes  may  require  a larger 
TLB  to  take  full  advantage  of  its  microprocessor  and 
memory  resources.  The  ever-present  trade-off  between 
performance  and  cost  does  not  go  away! 

The  TLB  is  usually  located  between  the  microproces- 
sor and  its  cache  subsystem,  as  shown  in  Figure  3,  such 
that  physical  addresses  are  cached  rather  than  virtual 
addresses.  Such  an  arrangement  adds  latency  to  micro- 
processor transactions  because  the  virtual-to-physical 
mapping  must  take  place  before  the  LI  cache  can 
respond.  However,  a TLB  can  be  made  very  fast 
because  of  its  small  size,  thereby  limiting  its  time  penalty 
on  transactions. 

Virtual  Memory  for  the  Masses 

Years  ago,  virtual  memory  was  found  only  on  large, 
expensive  computers.  As  more  gates  were  squeezed  into 
integrated  circuits,  the  MMU  became  an  economical  com- 
plement to  the  microprocessor.  Modern  operating  systems, 
and  the  applications  that  run  on  them,  gain  substantial  func- 
tional and  performance  enhancements,  from  this  technolo- 
gy that  was  once  reserved  for  mainframe  computing.  NV 
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Colleges  Want  for  FIRST  Students 

Most  high  school  students  think  that  participating  in 
the  annual  FIRST  robotics  competition  is  merely  a 
good  way  to  meet  friends,  build  cool  robots,  learn  some 
new  skills  — and  maybe  even  win  a regional  competition. 
However,  due  to  the  high  technical  capabilities  of  emergent 
FIRST  graduates  over  the  past  five  years,  adding  this  item 
to  your  college  application  could  really  boost  your  chances 
of  rising  above  the  competition.  Note  that,  in  2003,  36 
universities  offered  nearly  $3.8  million  in  scholarships  to 
the  25,000  high  school  participants  of  FIRST.  (In  addition, 
over  700  corporations  provided  sponsorship  and  career 
opportunities.)  So,  if  you're  a student  and  not  on  a FIRST 
robotics  team  at  your  school,  think  twice  about  getting  that 
job  flipping  burgers  — think  about  what  applying  your  mind 
might  do  for  your  future  education.  If  you're  an  engineer 
with  a dozen  hours  to  spare,  consider  contacting  the 
sponsor  at  your  local  high  school  to  volunteer  as  a mentor. 
Even  a small  amount  of  knowledge  can  impart  a huge 
amount  of  inspiration  to  a young  engineer  — with 
the  potential  to  change  his/her  life.  More  information  is 
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available  on  their  website,  www. usf irst. org 

New  Hybrid  Undersea  ROV  Is 
Commissioned 

The  Woods  Hole  Oceanographic  Institution  recently 
received  $5  million  in  funding  to  design  and  construct 
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a self-powered  undersea  robot  capable  of  descending 
11,000  meters  — deeper  than  any  existing  research 
vehicle.  The  new  robot  is  described  as  a hybrid  because 
it  will  be  able  to  operate  either  connected  to  a fiber  optic 
umbilical  or  in  a free-swimming  mode.  The  navigation 
and  control  systems  will  employ  technology  developed  by 
members  of  the  Whiting  School  of  Engineering's 
Department  of  Mechanical  Engineering  at  Johns  Hopkins 
University. 

"The  HROV  will  enable,  for  the  first  time,  routine 
scientific  research  in  the  deepest  parts  of  the  ocean,  from 
6,500  meters  to  11,000  meters  — a depth  we  currently 
cannot  reach,"  says  Richard  Pittenger,  WHOI  Vice- 


President  for  Marine  Operations.  "It  will  also  afford  access 
to  other  very  hard  to  reach  regions,  such  as  under  the 
Arctic  ice  cap.  The  HROV's  real-time,  wide-band  link  to 
the  surface  will  put  the  researcher  in  the  loop  to  view, 
assess  and  command  the  vehicle  throughout  the 
duration  of  dive  missions.  It  is  the  first  capable  and  cost- 
effective  technology  that  will  enable  scientists  to  pursue 
research  projects  on  a routine  basis  in  areas  they  have 
long  wanted  to  study,  but  have  been  unable  to  reach. 
HROV  technology  will  help  answer  many  questions  about 
the  deep  sea." 

More  information  is  available  on  their  website, 

www.whoi.edu/media/hrov.html 
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Haw  Some  Hobbyists  are  Getting  Araund  the 
Difficulties  Associated  with  Amateur  Space  Exploration 

Ub IP&E7 


Many  of  us  dream  of  exploring  space.  Two  outlets  for 
this  dream  are  amateur  astronomy  and  rocketry. 
Neither  of  these  hobbies,  though,  can  match  the  sheer 
awe  of  building  and  launching  a private  spacecraft. 
Unfortunately,  there  are  major  roadblocks  to  this  dream 
of  amateur  space  exploration. 

No  doubt,  you  can  list  the  many  obstacles  that  stop 
us  from  constructing  a spacecraft;  my  list  goes  like  this. 
We  cannot  build  our  own  spacecraft  because  of  the  high 
cost  of  space-rated  materials,  the  difficulty  of  machining 
spacecraft  parts,  and  the  amount  of  time  involved  in  con- 
struction. In  addition,  our  lack  of  access  to  a clean  room 
and  our  inability  to  properly  test  a spacecraft  at  various 
stages  of  its  construction  will  stop  us,  even  if  we  do  have 
the  necessary  parts,  skills,  and  free  time. 

If  we  manage  to  build  a spacecraft,  I can  think  of  two 
additional  obstacles  stopping  us  from  launching  it.  These 
after-construction  obstacles  are  the  length  of  time  we 
must  wait  for  the  launch  and  the  cost  of  the  launch  itself. 
How  can  we  justify  the  time  and  money  needed  to  assem- 
ble a spacecraft  when  we  know  that  we  will  wait  a year  for 
launch  and  that  we  can  hardly  afford  the  launch  in  the 
first  place? 

Even  if  we  construct  and  launch  our  spacecraft, 
there's  one  final  obstacle:  telemetry.  As  amateurs,  we 
have  no  access  to  professional  telemetry  stations,  nor 
can  we  afford  to  build  a series  of  public  telemetry  stations 
around  the  world.  If  we  can't  collect  data  from  our  space- 
craft, then  we  simply  will  not  build  it.  Until  the  hobbyist 
can  create,  launch,  and  record  data  from  his  or  her  own 
spacecraft,  there  will  be  no  such  thing  as  amateur  space 
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exploration. 

Recently  though,  hobbyists  have  found  a creative 
solution  to  the  dream.  They  substitute  weather  balloons 
and  helium  for  costly  rocket  boosters.  They  use  off-the- 
shelf  components  to  assemble  a functioning  model  of  a 
spacecraft,  and  they  use  amateur  radio  for  spacecraft 
telemetry.  These  few  hobbyists  are  constructing  what 
are  called  near  spacecraft  and  launching  them  deep  into 
the  stratosphere,  or  near  space.  A near  space  program 
is  often  called  the  poor  man's  space  program  and  it 
makes  an  amateur  science  hobby  that  is  nearly  out  of 
this  world. 

This  article  explores  the  amateur's  version  of  a near 
space  program  and  how  it  solves  the  many  obstacles 
mentioned  above.  Read  this  article  and  you'll  learn  how 
similar  near  space  is  to  outer  space.  Then,  you'll  see  how 
easy  it  is  for  the  hobbyist  to  build  his  or  her  own  near 
spacecraft  and  launch  vehicle.  Finally,  you'll  become 
familiar  with  some  of  the  benefits  of  starting  your  own 
amateur  near  space  program. 

My  article  is  too  short  to  teach  you  everything  you 
need  to  know;  however,  I hope  it  will  convince  you  that 
an  amateur  near  space  program  is  a hobby  that  you 
can,  and  should,  take  up.  From  there,  you  can  get  the 
help  you  need  from  the  resources  listed  at  the  end  of 
this  article. 

The  Earth's  Atmosphere 

Before  learning  about  near  space,  you  must  first 
become  familiar  with  the  structure  of  our  atmosphere. 
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There  are  five  layers  in  our  atmosphere,  each  with  its  own 
name  and  set  of  characteristics.  We  live  and  play  in  the  tro- 
posphere, the  lowest  layer  of  our  atmosphere.  Our 
weather  occurs  in  this  layer  and  most  aircraft  fly  in  it. 
The  troposphere  extends  to  an  altitude  of  around  50,000 
feet  at  a boundary  called  the  tropopause.  The  exact  alti- 
tude of  the  tropopause  depends  on  the  time  of  the  year 
and  latitude. 

The  next  highest  layer  is  called  the  stratosphere. 
Residing  in  the  stratosphere  is  the  ozone  layer  that  protects 
us  from  the  sun's  harmful  ultraviolet  radiation.  Very  few  air- 
craft can  fly  in  this  layer.  For  the  most  part,  we  are  very 
unaware  of  the  stratosphere.  The  stratosphere  extends  to 
an  altitude  of  around  160,000  feet  at  a boundary  called  the 
stratopause. 

Above  the  stratopause  is  a layer  of  the  atmosphere 
called  the  mesosphere.  Only  rockets  and  meteors  travel 
through  this  layer.  Above  the  mesosphere  is  the  thermos- 
phere and  then  the  exosphere.  There  is  a boundary 
between  the  thermosphere  and  exosphere  (called,  you 
guessed  it,  the  thermopause),  but  no  top  boundary  to  the 
exosphere.  Outer  space  exists  in  the  two  topmost  layers  of 
our  atmosphere. 

Environmental  Conditions  in 
Near  Space 

Now  that  you're  familiar  with  the  structure  of  our 
atmosphere,  we  can  put  near  space  into  perspective  by 
discussing  its  location  and  environmental  conditions.  First, 
where  is  near  space  located?  I define  near  space  as  those 
altitudes  in  the  stratosphere  and  mesosphere  between 

75.000  feet  and  330,000  feet.  I selected  the  lower  bound- 
ary because  of  the  environmental  conditions  found  at  this 
altitude  and  the  higher  boundary  because  it  is  the  interna- 
tionally defined  boundary  for  outer  space.  For  an  altitude 
comparison,  many  of  you  have  flown  in  commercial 
aircraft,  which  fly  at  an  altitude  between  30,000  and 

40.000  feet. 

Now,  what's  it  like  in  near  space?  There  are  a number 
of  unique  conditions  found  in  near  space.  The  first  is  its 
temperature.  Let's  launch  a near  spacecraft  and  see  what 
it  tells  us  about  temperature  (please  see  the  charts  accom- 
panying this  article).  As  our  near  spacecraft  ascends  in  the 
troposphere,  we  find  that  the  air  temperature  continuously 
decreases.  The  troposphere  cools  with  altitude  because  it's 
warmed  by  its  contact  with  the  ground.  You  might  think 
that  the  troposphere  should  be  warmed  by  sunlight,  but, 
the  troposphere  is  very  transparent  to  sunlight,  so  sunlight 
shines  right  through  it  without  warming  it.  Once  our  near 
spacecraft  passes  through  the  tropopause,  sensors  find 
that  the  air  temperature  stops  cooling.  During  the  summer, 
the  tropopause  occurs  at  an  altitude  of  50,000  feet  for  mid- 
latitudes and  the  air  temperature  is  a chilly  -60°  Fahrenheit. 
In  the  winter,  the  tropopause  lowers  to  an  altitude  of  40,000 
feet  and  its  temperature  can  drop  to  an  even  colder  -90° 
Fahrenheit. 

Once  our  near  spacecraft  enters  the  stratosphere,  we 
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Layers  of  the  Earth’s  atmosphere. 


find  that  the  air  temperature  increases  with  altitude.  At  an 
altitude  of  100,000  feet  — which  is  easily  reached  by  our 
near  spacecraft  — the  air  temperature  can  warm  to  20° 
Fahrenheit  or  warmer.  The  stratosphere  warms  with 
increasing  altitude  because  of  its  ozone  content.  The  sun's 
ultraviolet  radiation  is  blocked  by  our  ozone  layer.  Recall 
that  energy  cannot  be  created  or  destroyed;  it  may  be  in 
another  place  and  possibly  in  a new  form.  In  the  strato- 
sphere, energy  from  the  sun's  ultraviolet  radiation  is  eventu- 
ally converted  into  higher  air  temperatures.  As  our  near 
spacecraft  gets  closer  to  the  sun,  there  is  more  ultraviolet 
radiation  for  the  ozone  to  block,  and,  therefore,  warmer  air 
temperatures. 

The  second  condition  found  in  near  space  is  reduced 
air  pressure.  As  opposed  to  the  up  and  down  changes  in 
air  temperature  that  our  near  spacecraft  detected,  air  pres- 
sure can  only  decrease  with  increasing  altitude.  Our  near 
spacecraft  sees  air  pressure  dropping  by  a factor  of  two  for 


Air  temperature  cycles  as  altitude 
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Not  surprisingly,  atmospheric  pressure  decreases 
with  altitude. 

every  18,000  foot  change  in  altitude.  At  75,000  feet,  our 
near  spacecraft  measures  an  air  pressure  less  than  6%  of 
the  air  pressure  found  at  sea  level,  or  about  95%  vacuum. 
At  100,000  feet,  our  near  spacecraft  measures  an  air 
pressure  only  1%  of  the  air  pressure  at  sea  level.  It  is  99% 


The  “Stack” — Component  parts  of  the  integrated 
launch  vehicle  and  near  spacecraft. 
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vacuum  at  100,000  feet!  As  a result  of  these  low  air  pres- 
sures, the  sky  becomes  inky  black  in  color.  The  reduction 
in  air  pressure  (or  more  specifically,  air  density)  has  one 
more  effect  and  that  deals  with  cosmic  rays.  In  near 
space,  with  fewer  air  molecules  to  create  a shield,  the  cos- 
mic ray  flux  is  over  100  times  greater  than  at  sea  level. 

The  third  condition  found  in  near  space  is  what  hap- 
pens to  the  earth's  horizon.  There  are  three  amazing 
effects. 

First,  the  distance  to  the  horizon  increases. 
Remember  that  a six  foot  tall  adult  sees  a horizon  that  is 
typically  three  miles  away.  At  an  altitude  of  75,000  feet, 
our  near  spacecraft  sees  a horizon  that  is  335  miles  away. 
At  100,000  feet,  the  horizon  is  closer  to  400  miles  away. 
So  at  100,000  feet,  our  near  spacecraft  can  see  our  entire 
state  in  a single  glance. 

Another  effect  of  altitude  on  the  earth's  horizon  is 
that  it  makes  the  earth's  curvature  noticeable. 
Photographs  taken  of  the  earth's  horizon  from  near  space 
show  the  edge  of  the  earth  to  be  curved  and  this  should 
be  enough  to  satisfy  the  members  of  the  Flat  Earth 
Society  (not!). 

The  final  effect  that  altitude  has  on  the  earth's  hori- 
zon is  that  the  horizon  gets  lower.  This  effect  is  sometimes 
called  depression  of  the  horizon.  The  effect  is  very  notice- 
able to  astronauts  on  the  Space  Shuttle  where  they  orbit 
earth  at  an  altitude  of  300  nautical  miles.  You  don't  have 
to  orbit  the  earth,  though,  to  see  this  effect.  Even  our  near 
spacecraft  can  detect  this  effect.  At  an  altitude  of  100,000 
feet,  our  near  spacecraft  sees  a horizon  that  is  more  than 
five  degrees  lower  than  it  is  at  sea  level.  So  the  angular 
distance  from  horizon,  to  zenith,  to  opposite  horizon 
spans  more  than  190°. 

The  final  condition  found  in  near  space  that  I will  dis- 
cuss is  gravity.  The  higher  our  near  spacecraft  climbs,  the 
less  gravitational  force  earth  exerts. 

Now,  this  is  not  the  same  effect  noticed  by  astro- 
nauts. When  in  orbit  about  the  earth,  an  astronaut  is  in  a 
state  of  constant  freefall.  As  a result,  s/he  feels  weight- 
less. This  weightlessness  overwhelms  the  reduction  of 
gravity  due  to  the  distance  that  the  Space  Shuttle  orbits 
from  the  earth's  center. 

However,  in  near  space,  we  can  detect  a change  in 
the  earth's  gravity.  At  an  altitude  of  100,000  feet,  the 
acceleration  due  to  gravity  is  1%  less.  Consequently,  our 
near  spacecraft  weighs  only  99%  of  its  weight  at  sea 
level. 

You  can  see  that  the  conditions  in  near  space  look 
and  feel  much  like  space.  There  is  no  means  for  the  hob- 
byist to  create  these  conditions  on  a large  scale.  If  we 
want  to  experience  space  vicariously,  then  the  amateur 
near  space  program  is  the  only  game  in  town. 

Getting  Into  Near  Space 

Now  that  you're  familiar  with  the  location  and  condi- 
tions found  in  near  space,  let's  talk  about  how  we  get 
there.  There  are  two  elements  to  getting  into  near  space: 
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the  launch  vehicle  that  does  the  heavy  lifting  and  the  near 
spacecraft  that  does  the  thinking. 

The  Launch  Vehicle 

To  get  into  near  space,  you  need  a launch  vehicle. 
Amateurs  most  frequently  use  a launch  vehicle  consisting 
of  a latex  weather  balloon,  helium,  and  a length  of  nylon 
cord.  Amateurs  purchase  their  weather  balloons  from 
either  Kaymont  or  Kaysam  (see  Resources).  You  should 
expect  to  pay  about  $50.00,  plus  shipping,  for  a 1,200- 
gram  balloon.  A balloon  this  large  has  enough  volume  to 
get  a 12-pound  near  spacecraft  to  an  altitude  of  85,000 
feet.  If  you  use  a larger  balloon  or  lower  the  weight  of  your 
near  spacecraft,  you  can  reach  even  higher  altitudes. 

Purchase  your  helium  from  a welding  shop  and  never 
from  a department  store.  Department  store  helium  is  fine 
for  filling  party  balloons,  but  your  1200-gram  weather  bal- 
loon requires  over  300  cubic  feet  of  helium.  If  you  pur- 
chase helium  from  your  local  welding  shop,  they'll  sell  you 
a purer  grade  of  helium  and  a lower  cost  per  volume. 

The  load  line  of  the  launch  vehicle  is  just  a length  of 
nylon  cord.  This  is  the  same  kind  of  nylon  cord  or  twine 
sold  in  places  like  hardware  stores.  The  cord  is  strong 
enough  to  lift  the  near  spacecraft  and  able  to  separate  from 
the  balloon  nozzle  with  a minimum  of  force.  The  load  line  is 
cut  to  a length  of  between  20  to  30  feet  and  all  its  knots  are 
wrapped  in  small  pieces  of  duct  tape  for  extra  security. 

The  Near  Spacecraft 

Your  near  spacecraft  consists  of  a recovery  parachute 
and  one  or  more  modules.  If  more  than  one  module  is 
used,  you  will  connect  them  together  with  link  lines.  You 
may  also  use  an  umbilical  to  share  power  and  data 
between  the  modules.  On  some  occasions,  you  might 
place  a cutdown  on  the  load  line  between  the  near  space- 
craft and  its  launch  vehicle.  A cutdown  is  not  required,  but 
when  it  is  used,  it  separates  the  near  spacecraft  from  its 
launch  vehicle.  A cutdown  is  used  to  terminate  missions 
early  or  to  separate  the  balloon  remains  from  the  parachute 
during  the  descent  phase  of  a mission. 

The  Recovery  Parachute 

The  recovery  parachute  protects  private  property  and 
your  near  spacecraft.  You  can  either  purchase  your  para- 
chute from  a rocketry  company  or  sew  it  yourself  (I  prefer 
to  sew  my  own).  Depending  on  the  porosity  of  the  canopy's 
fabric,  your  13-pound  near  spacecraft  (12  pounds  for  the 
modules  and  one  pound  for  the  recovery  parachute)  will 
require  a parachute  about  six  feet  in  diameter. 

Never  launch  the  recovery  parachute  folded;  instead, 
the  launch  vehicle  lifts  the  parachute  by  its  apex  in  a pre- 
deployed position.  This  way,  the  parachute  opens  immedi- 
ately upon  balloon  burst.  Remember  how  long  the  load  line 
was?  It's  this  long  to  make  sure  that  the  burst  balloon 
(which  remains  tied  to  the  other  end  of  the  load  line)  can  fall 


over  the  side  of  the  parachute  canopy,  rather  on  top  of  the 
parachute  canopy,  possibly  collapsing  it. 

Modules 


A module  consists  of  an  airframe,  avionics,  and  possi- 
bly experiments.  Some  airframes  are  purchased  ready  to 
fly  while  others  are  specially  constructed.  The  avionics  are 
either  a radio  tracker  or  a flight  computer.  Some  avionics 
are  mounted  to  a pallet  that  fits  inside  the  airframe,  while 
others  are  packed  in  foam  rubber.  A pallet  is  a lightweight 
means  to  keep  elements  of  the  avionics  from  bouncing 
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around  during  a mission,  just  like  foam  rubber  does.  When 
possible,  use  a standardized  airframe  design  and  avionics 
pallet.  This  way,  you  can  have  several  airframes  and  avion- 
ics pallets  that  can  be  mixed  and  matched  as  needed. 

Experiments  are  the  element  that  changes  the  most. 
Typically,  each  new  mission  switches  out  the  old  experi- 


ments for  new  ones.  These  experiments  are  what  excite 
me  the  most  about  the  amateur  near  space  program. 

Airframes 

The  fastest  way  to  get  an  airframe  is  to  purchase  an 
insulated  and  reusable  lunch  bag.  In  this  style  of  airframe, 
the  avionics  are  either  mounted  to  a sheet  of  correplast  (a 
pallet)  with  zip  ties  or  fitted  into  a block  of  foam  rubber 
that  has  been  cut  to  fit  the  interior  space  of  the  lunch  bag. 
Never  rely  on  the  rubber  ducky  antenna  that  comes  with 
most  handheld  radios,  as  they  tend  to  have  poor  gain. 
Instead,  use  a flexible  J-Pole  or  dipole  antenna  connected 
to  the  handheld  radio's  antenna  jack.  The  rest  of  the  anten- 
na is  left  dangling  outside  of  the  closed  bag.  Parachute 
shroud  lines  are  attached  securely  to  the  hand  strap.  Never 
use  a snap  swivel  to  attach  the  parachute  to  the  airframe, 
as  it  can  pop  open.  A popped  snap  swivel  terminates  a 
near  space  mission  much  sooner  than  planned.  A reusable 
lunch  bag  and  simple  tracker,  as  described  below,  make  an 
ideal  first  near  spacecraft  or  backup  tracker  for  a more 
advanced  near  spacecraft  design. 

More  elaborate  airframes  are  constructed  from  a 3/4" 
thick  Styrofoam  sheet.  The  best  source  of  this  material  is 
the  blue  or  pink  Styrofoam  sheeting  used  to  insulate 
homes.  This  material  is  very  popular  and  can  be  found  at 
virtually  every  home  improvement  store.  Styrofoam  is  the 
ideal  material  because  it  is  strong,  warm,  lightweight,  and 
inexpensive.  Styrofoam  is  also  very  easy  to  machine;  you 
only  need  a sharp  Xacto  knife  and  metal  straight  edge  to 
cut  the  foam.  A good  adhesive  to  glue  the  sides  of  your  cut 
Styrofoam  panels  together  is  hot  glue.  As  it  sets  very 
quickly,  hot  glue  is  as  easy  to  work  with  as  Styrofoam.  Just 
be  sure  to  keep  the  glue  below  its  maximum  temperature, 
because  it  can  begin  to  melt  the  Styrofoam. 

After  constructing  your  airframe, 
you  may  wish  to  add  more  insulation 
to  its  exterior.  To  keep  spacecraft 
warm,  aerospace  companies  wrap 
their  spacecraft  in  multilayer  insula- 
tion (MLI).  Their  MLI  is  constructed 
from  alternating  layers  of  space-rated 
aluminized  Mylar  or  Kapton  and  a 
scrim  (plastic  mesh)  inner  layer.  A 
homemade  version  of  MLI  is  made 
from  space  blanket  and  wedding  veil 
material.  At  this  time,  however,  I'm 
not  certain  the  vacuum  of  near  space 
is  "hard"  enough  to  make  the  MLI 
effective. 

During  its  mission,  the  interior  of 
your  near  spacecraft  module  will  chill 
in  the  freezing  air.  The  cold  of  near 
space  is  severe  to  some  items,  like 
batteries.  From  personal  experience, 
I can  tell  you  that  cold  batteries  can 
make  for  a bad  day.  In  some  cases 
the  batteries  get  so  cold  that  they  fail 
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and  shut  down  telemetry  from  your  near  spacecraft  (ever 
see  the  movie,  Lost  In  Near  Space?). 

There  are  two  things  you  can  do  to  prevent  this.  The 
first  is  to  use  lithium  cells.  The  chemistry  of  lithium  cells 
holds  up  to  cold  much  better  than  most  other  battery 
chemistries.  The  second  is  to  cover  the  exterior  of  the  air- 
frame in  dark  fabrics.  A jacket  of  dark  fabric  absorbs  solar 
radiation  and  will  passively  heat  the  interior  of  the  mod- 
ule. Besides  warming  the  module,  a fabric  jacket  will  also 
protect  the  MLI  and  airframe  exterior  from  abrasion  dur- 
ing landing.  It's  also  a great  place  to  attach  link  lines 
between  modules.  I use  ripstop  nylon  for  my  fabric  jack- 
ets, which  I call  abrasion  jackets.  You've  most  likely  seen 
ripstop  nylon  used  in  fabric  kite  sails. 

Avionics  for  Near  Space 

The  electronics  used  to  operate  a near  spacecraft  are 
called  avionics  (aviation  electronics).  For  your  first  near 
space  mission,  I recommend  using  a simple  amateur 
radio  tracker.  A simple  and 
inexpensive  amateur  radio  tracker 
consists  of  a terminal  node  con- 
troller connected  to  a GPS  receiver 
and  a handheld,  two-meter, 
amateur  radio  (see  Resources). 

The  terminal  node  controller 
(TNC)  is  a modem  built  for  radio 
use.  When  used  in  avionics,  it 
accepts  sentences  from  a GPS 
receiver  and  formats  them  for 
transmission  over  the  radio. 

Afterwards,  it  keys  the  radio 
and  sends  the  proper  tones.  A sim- 
ilar set-up  on  the  ground  decodes 
the  tones  and  displays  the  data  on 
a laptop  or  PC.  This  method  is 
referred  to  as  the  Automatic 
Packet  Reporting  System  (APRS) 
and  is  very  popular  with  the  ama- 
teur radio  community. 

Because  of  APRS,  the  posi- 
tion of  the  near  spacecraft  in  three 
dimensions,  its  speed,  and  its 
heading  are  known  to  chase  and 
recovery  crews. 

The  simple  tracker  costs 
around  $250.00,  but  don't  let  the 
cost  scare  you.  Assembling  your 
tracker  is  a one-time  expense, 
because  it  is  used  on  every  mis- 
sion. Besides,  the  cost  of  a tracker 
is  less  than  the  cost  of  a good  set  of 
golf  clubs.  Not  only  does  a tracker 
cost  less,  but  the  aggravation  asso- 
ciated with  it  is  less  than  the  aggra- 
vation associated  with  the  same  set 
of  golf  clubs. 

FEBRUARY  2004 


The  next  step  up  from  a radio  tracker  is  a flight  com- 
puter. Most  of  the  flight  computers  used  by  amateurs 
today  are  based  on  programmable  microcontrollers  like 
the  PIC,  Rabbit,  or  BASIC  Stamp. 

Upgrading  from  a radio  tracker  to  a flight  computer 
doesn't  add  much  to  the  cost  of  avionics,  but  it  does  per- 
mit complex  experiments  and  mission  profiles  that  aren't 
available  with  a simple  tracker.  More  information  on  flight 
computers  is  available  from  groups  like  ANSR,  Project 
Traveler,  or  myself. 

Your  experiments  will  change  on  each  mission,  but 
your  modules  shouldn't.  Give  some  thought  to  designing 
and  building  a generic  style  of  airframe  and  flight  com- 
puter. This  way  experiments  are  designed  to  meet  the 
standards  for  the  modules,  rather  than  having  modules 
designed  to  match  the  experiment.  Be  sure  to  document 
these  standards.  This  is  a much  faster  approach  to  flying 
missions,  making  failures  less  likely.  Now  your  near 
spacecraft  is  more  like  a Space  Shuttle  than  a Mercury 
space  capsule.  NV 
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COOKBOOK 


Ray  Marston  describes  a miscellaneous  collection  of  useful 
transistor  circuits  and  gadgets  in  this  month's  final  episode 
of  an  eight-part  series. 


by  Ray  Marston 


The  opening  piece  of  this  eight-part  series 
described  basic  transistor  principles  and  configu- 
rations; subsequent  articles  went  on  to  describe  a 
wide  variety  of  practical  transistor  circuits  ranging  from 
common-collector  amplifiers  (Part  2),  common-emitter 
and  common-base  amplifiers  (Part  3),  and  small-signal 
audio  amplifiers  (Part  4),  to  various  practical  oscillator 
(Part  5),  multivibrator  waveform  generator  (Part  6),  and 
audio  power  amplifier  (Part  7)  circuits.  This  month's  final 
episode  rounds  off  the  "Transistor  Cookbook"  subject  by 
presenting  a miscellaneous  collection  of  practical  and 
useful  transistor  circuits  and  gadgets. 


it  unintelligible.  This  problem  can  often  be  overcome  by 
using  the  noise  limiter  circuit  in  Figure  1 . Here,  the  signal- 
plus-noise  waveform  is  fed  to  amplifier  Q1  via  RV1.  Q1 
amplifies  both  waveforms  equally,  but  D1  and  D2  auto- 
matically limit  the  peak-to-peak  output  swing  of  Q1  to 
about  1.2  V.  Thus,  if  RV1  is  adjusted  so  that  the  signal  out- 
put is  amplified  to  this  peak  level,  the  noise  peaks  will  not 
be  able  to  greatly  exceed  the  signal  output,  and  intelligi- 
bility is  greatly  improved. 

ASTABLE  MULTIVIBRATOR 
CIRCUITS 


A NOISE  LIMITER  CIRCUIT 

Unwanted  electronic  "noise"  can  be  a great  nuisance; 
when  listening  to  very  weak  broadcast  signals,  for  exam- 
ple, peaks  of  background  noise  often  com- 
pletely swamp  the  broadcast  signal,  making 


The  astable  multivibrator  circuit  has  many  practical 
uses.  It  can  be  used  to  generate  a non-symmetrical  800 
Hz  waveform  that  produces  a monotone  audio  signal  in 
the  loudspeaker  when  SI  is  closed  (Figure  2).  The  circuit 
can  be  used  as  a Morse  code 
practice  oscillator  by  using  a 
Morse  key  as  SI;  the  tone  fre- 
quency can  be  changed  by  alter- 
ing the  Cl  and/or  C2  values. 

Figure  3 shows  an  astable 
multivibrator  used  as  the  basis 
of  a "signal  injector-tracer"  item 
of  test  gear.  When  SW1  is  in 
INJECT  position  1,  Q1  and  Q2 
are  configured  as  a 1 kHz 
astable,  and  feed  a good  square 
wave  into  the  probe  terminal  via 
Rl-Cl.  This  waveform  is  rich  in 
harmonics,  so  if  it  is 
injected  into  any  AF 
or  RF  stage  of  an 
AM  radio,  it  pro- 
duces an  audible 
output  via  the 
radio's  loudspeaker, 
unless  one  of  the 
radio's  stages  is 
faulty.  By  choosing 
a suitable  injection 
point,  the  injector 
can  be  used  to  trou- 
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ble-shoot  a defective  radio. 

When  SW1  is  switched  to  TRACE  position  2,  the 
Figure  3 circuit  is  configured  as  a cascaded  pair  of  com- 
mon-emitter amplifiers,  with  the  probe  input  feeding  to 
Q1  base,  and  Q2  output  feeding  into  an  earpiece  or 
head-set.  Any  weak  audio  signals  fed  to  the  probe  are 
directly  amplified  and  heard  in  the  earpiece,  and  any 
amplitude-modulated  RF  signals  fed  to  the  probe  are 
demodulated  by  the  non-linear  action  of  Q1 . The  result- 
ing audio  signals  are  then  amplified  and  heard  in  the  ear- 
piece. By  connecting  the  probe  to  suitable  points  in  a 
radio,  the  tracer  can  thus  be  used  to  trouble-shoot  a 
faulty  radio,  etc. 


LIE  DETECTOR 


The  lie  detector  of  Figure  4 is  an 
experimenter's  circuit,  in  which  the  vic- 
tim is  connected  (via  a pair  of  metal 
probes)  into  a Wheatstone  bridge, 
formed  by  R1-RV1-Q1  and  R3-R4;  the 
1 mA  center-zero  meter  is  used  as  a 
bridge-balance  detector.  In  use,  the  vic- 
tim makes  firm  contact  with  the 
probes  and,  once  he/she  has  attained 
a relaxed  state  (in  which  the  skin  resistance  reaches  a sta- 
ble value),  RV1  is  adjusted  to  set  a null  on  the  meter.  The 
victim  is  then  cross-questioned  and,  according  to  theory, 
the  victim's  skin  resistance  will  then  change,  causing  the 
bridge  to  go  out  of  balance  if  he/she  lies  or  shows  any  sign 
of  emotional  upset  (embarrassment,  etc.)  when  being 
questioned. 

CURRENT  MIRRORS 

A current  mirror  is  a constant-current  generator  in 
which  the  output  current  magnitude  is  virtually  identical  to 
that  of  an  independent  input  control  current.  This  type  of 
circuit  is  widely  used  in  modern  linear  IC  design.  Figure  5 
shows  a simple  current  mirror  using  ordinary  npn  transis- 
tors; Q1  and  Q2  are  a matched  pair  and  share  a common 
thermal  environment. 

When  input  current  Iin  is  fed  into  diode-connected  Ql, 
it  generates  a proportionate  forward  base-emitter  volt- 
age, which  is  applied  directly  to  the  base-emitter  junction 
of  matched  transistor  Q2,  causing  it  to  sink  an  almost 
identical  (mirror)  value  of  collector  current,  Isink.  Q2  thus 
acts  as  a constant  current  sink  that  is  controlled  by  Iin, 
even  at  collector  voltages  as  low  as  a few  hundred  milli- 
volts. 

Figure  6 shows  a pnp  version  of  the  simple  current 
mirror  circuit.  This  works  in  the  same  basic  way  as  already 
described,  except  that  Q2's  collector  acts  as  a constant 
current  source  that  has  its  amplitude  controlled  by  Iin.  Note 
that  both  of  these  circuits  still  work  quite  well  as  current- 
controlled,  constant-current  sinks  or  sources,  even  if  Ql 
and  Q2  have  badly  matched  characteristics,  but  in  this 
case  may  not  act  as  true  current  mirrors,  since  their  Isink 
and  Iin  values  may  be  very  different. 
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Figure  8.  MW  signal 
generator/BFO. 


AN 

ADJUSTABLE 

ZENER 

Figure  7 shows  the  circuit  of  an  adjustable  zener  that 
can  have  its  output  voltage  pre-set  over  the  range  6.8  V 
to  21  V via  RV1.  The  circuit  action  is  such  that  a fixed  ref- 
erence voltage  (equal  to  the  sum  of  the  zener  and  Vbe  val- 
ues) is  generated  between  Ql's  base  and  ground 
(because  of  the  value  of  zener  voltage  used)  and  has  a 
near-zero  temperature  coefficient.  The  circuit's  output 
voltage  is  equal  to  Vref  multiplied  by  (RV1  + R1)/R1,  and 
is  thus  pre-settable  via  RV1.  This  circuit  is  used  like  an 
ordinary  zener  diode,  with  the  Rs  value  chosen  to  set  its 
operating  current  at  a nominal  value  in  the  range  5 to  20 
mA. 


L-C  OSCILLATORS 

L-C  oscillators  have  many  applications  in  test  gear  and 
gadgets,  etc.  Figure  8 shows  an  L-C  medium-wave  (MW) 
signal  generator  or  beat-frequency  oscillator  (BFO),  with 
Ql  wired  as  a Hartley  oscillator  that  uses  a modified  465 
kHz  IF  transformer  as  its  collector  load.  The  IF  trans- 
former's internal  tuning  capacitor  is  removed,  and  variable 
oscillator  tuning  is  available  via  VC1,  which  enables  the 
output  frequency  (on  either  fundamentals  or  harmonics) 
to  be  varied  from  well  below  465  kHz  to  well  above  1.7 
MHz.  Any  MW  radio  will  detect  the  oscillation  frequency  if 
placed  near  the  circuit;  if  the  unit  is  tuned  to  the  radio's  IF 
value,  a beat  note  will  be  heard,  enabling  CW  and  SSB 
transmissions  to  be  clearly  heard. 

Figure  9 shows  the  above  oscillator  modified  so  that, 
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low  frequency  beat  or  whistle  note  is 
heard  from  the  radio.  This  beat  note 
changes  if  LI  (the  search  head)  is 
placed  near  metal. 

Figure  10  shows  another  application 
of  the  Hartley  oscillator.  In  this  case,  the 
circuit  functions  as  a DC-to-DC  convert- 
er, which  converts  a 9 V battery  supply 
into  a 300-V  DC  output.  T1  is  a 9V-0-9V 
to  250  V transformer,  with  its  primary 
forming  the  L part  of  the  oscillator.  The 
supply  voltage  is  stepped  up  to  about 
350  V peak  at  T1 
secondary,  and  is 
half-wave  rectified 
by  D1  and  used  to 
charge  C3.  With  no 
permanent  load  on 
C3,  the  capacitor 
can  deliver  a pow- 
erful but  non-lethal 
belt.  With  a perma- 
nent load  on  the 
output,  the  output 
falls  to  about  300  V 
at  a load  current  of 
a few  mA. 


12"  (30cm)  \l/ 

>.  Antenna  ^ ' 


when  used  in  conjunction  with  a MW  radio,  it  functions 
as  a simple  metal/pipe  locator.  Oscillator  coil  LI  is 
hand-wound  and  comprises  30  center-tapped  turns  of 
wire,  firmly  wound  over  about  a 25  mm  (one-inch) 
length  of  a 75  to  100  mm  (three-  to  four-inch)  diameter 
non-metallic  former  or  search  head  and  connected  to 
the  main  circuit  via  a three-core  cable.  The  search  head 
can  be  fixed  to  the  end  of  a long  non-metallic  handle  if 
the  circuit  is  to  be  used  in  the  classic  metal  detector 
mode,  or  can  be  hand-held  if  used  to  locate  metal  pipes 
or  wiring  hidden  behind  plasterwork,  etc.  Circuit  opera- 
tion relies  on  the  fact  that  Li's  electromagnetic  field  is 
disturbed  by  the  presence  of  metal,  causing  the  induc- 
tance of  LI  and  the  frequency  of  the  oscillator  to  alter. 
This  frequency  shift  can  be  detected  on  a portable  MW 
radio  placed  near  LI  by  tuning  the  radio  to  a local  sta- 
tion and  then  adjusting  VC1  so  that  a 


FM  TRANSMITTERS 

Figures  1 1 and  12  show  a pair  of  low-power  FM  trans- 
mitters that  generate  signals  that  can  be  picked  up  at  a 
respectable  range  on  any  88  to  108  MHz  FM-band  receiver. 
The  Figure  11  circuit  uses  IC1  as  a 1 kHz  squarewave  gen- 
erator that  modulates  the  Q1  VHF  oscillator,  and  pro- 
duces a harsh  1 kHz  tone  signal  in  the  receiver;  this  cir- 
cuit thus  acts  as  a simple  alarm-signal  transmitter. 

The  Figure  12  circuit  uses  a two-wire  electret  micro- 
phone insert  to  pick  up  voice  sounds,  etc.,  which  are 
amplified  by  Q1  and  used  to  modulate  the  Q2  VHF  oscil- 
lator; this  circuit  thus  acts  as  an  FM  microphone  or  bug. 
In  both  circuits,  the  VHF  oscillator  is  a Colpitts  type,  but 
with  the  transistor  used  in  the  common-base  mode  and 
C7  giving  feedback  from  the  tank  output  back  to  the 
emitter  input. 

These  two  circuits  have  been 
designed  to  conform  to 
American  FCC  regulations,  and 
they  thus  produce  a radiated  field 
strength  of  less  than  50  (iV/m  at 
a range  of  15  meters  (15  yards), 
and  can  be  freely  used  in  the 
USA.  It  should  be  noted,  however, 
that  their  use  is  quite  illegal  in 
many  countries,  including  the 
UK. 

To  set  up  these  circuits,  set 
the  coil  slug  at  its  middle  posi- 
tion, connect  the  battery,  and 
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tune  the  FM  receiver  to  locate  the  transmitter  frequency.  If 
necessary,  trim  the  slug  to  tune  the  transmitter  to  a clear 
spot  in  the  FM  band.  RV1  should  then  be  trimmed  to  set 
the  modulation  at  a clean  level. 

TRANSISTOR  AC  VOLTMETERS 


An  ordinary  moving-coil  meter  can  be  made  to  read 
AC  voltages  by  feeding  them  to  it  via  a rectifier  and  suit- 
able multiplier  resistor,  but  produces  grossly  non-linear 
scale  readings  if  used  to  give  FSD  values  below  a few  volts. 
This  non-linearity  problem  can  be  overcome  by  connecting 
the  meter  circuitry  into  the  feedback  loop  of  a transistor 
common-emitter  amplifier,  as  shown  in  the  circuits  of 
Figures  13  to  15,  which  (with  the  Rm  values  shown)  each 
read  1 V FSD. 

The  Figure  13  circuit  uses  a bridge  rectifier  type  of 
meter  network,  and  draws  a quiescent  current  of  0.3  mA, 
has  an  FSD  frequency  response  that  is  flat  from  below  15 
Hz  to  above  150  kHz,  and  has  superb  linearity  up  to  100 
kHz  when  using  IN4148  silicon  diodes  or  to  above  150  kHz 
when  using  BAT85  Schottky  types.  R1  sets  Ql's  quiescent 
current  at  about  treble  the  meter's  FSD  value,  and  thus 
gives  the  meter  automatic  overload  protection. 

Figures  14  and  15  show  pseudo  full-wave  and  ghosted 
half-wave  versions  of  the  above  circuit.  These  have  a per- 
formance similar  to  that  of  Figure  13,  but  with  better  linear- 
ity and  lower  sensitivity.  D3  is 
sometimes  used  in  these  cir- 
cuits to  apply  slight  forward  bias 
to  D1  and  D2  and  thus  enhance 
linearity,  but  this  makes  the 
meter  pass  a standing  current 
when  no  AC  input  is  applied. 

The  diodes  used  in  these  and 
all  other  electronic  AC  meter 
circuits  shown  in  this  article 
should  be  either  silicon 
(1N4148,  etc.)  or  (for  excep- 
tionally good  performance) 

Schottky  types;  germanium 
types  should  not  be  used. 

In  the  circuits  in  Figures  13 
to  15,  the  FSD  sen- 
sitivity is  set  at  1 V 
via  Rm,  which  can 
not  be  reduced 
below  the  values 
shown  without 
incurring  a loss  of 
meter  linearity. 

The  Rm  value 
can,  however,  safe- 
ly be  increased,  to 
give  higher  FSD 
values,  e.g.,  by  a 
factor  of  10  for  10 
V FSD,  etc. 

If  greater  FSD 
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sensitivity  is  wanted  from  the  above  circuits,  it  can  be 
obtained  by  applying  the  input  signal  via  a suitable  pre- 
amplifier, i.e.,  via  a +60  dB  amplifier  for  1 mV  sensitivity, 
etc.  Figure  16  shows  this  technique  applied  to  the  Figure 
13  circuit,  to  give  an  FSD  sensitivity  variable  between  20 
mV  and  200  mV  via  RV1.  With  the  sensitivity  set  at  100 
mV  FSD,  this  circuit  has  an  input  impedance  of  25  K and 
a bandwidth  that  is  flat  within  0.5  dB  to  150  kHz. 

AC  MILLIVOLTMETER  CIRCUITS 

A one-transistor  AC  meter  cannot  be  given  an  FSD 
sensitivity  greater  than  1 V without  loss  of  linearity.  If 
greater  sensitivity  is  needed,  two  or  more  stages  of  transis- 
tor amplification  must  be  used.  The  highest  useful  FSD 
sensitivity  that  can  be  obtained  (with  good  linearity  and 
gain  stability)  from  a two-transistor  circuit  is  10  mV,  and 
Figure  1 7 shows  an  excellent  example  that  gives  FSD  sen- 
sitivities in  the  range  10  mV  to  100  mV  (set  via  Rx).  It  uses 
D1  and  D2  in  the  "ghosted  half-wave"  configuration,  and  its 
response  is  flat  within  0.5  dB  to  above  150  kHz;  the  cir- 
cuit's input  impedance  is  about  120  K when  set  to  give  100 


Figure  1 6.  This  AC  voltmeter  can  be  set  to  give  FSD 
sensitivities  in  the  range  20  mV  to  200  mV. 
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Secondary  attenuator. 


e 19.  Basic  multi-range  AC  volt/millivolt  rr 
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mV  FSD  sensitivity  (Rx  = 470  Ohms);  when  set  to  give  10 
mV  sensitivity  (Rx  = 47  Ohms),  the  input  impedance 
varies  from  90  K at  15  kHz  to  56  K at  150  kHz. 

Figure  18  shows  a simple  xlO  pre- 
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amplifier  that  can  be  used  to  boost  the  above  circuit's  FSD 
sensitivity  to  1 mV;  this  circuit  has  an  input  impedance  of 
45  K and  has  a good  wideband  response.  Note,  when 
building  highly  sensitive  AC  millivoltmeters,  great  care 
must  be  taken  to  keep  all  connecting  leads  short,  to  pre- 
vent unwanted  RF  pickup. 

A wide-range  AC  volt/millivolt  meter  can  be  made  by 
feeding  the  input  signals  to  a sensitive  AC  meter  via  suit- 
able attenuator  circuitry.  To  avoid  excessive  attenuator 
complexity,  the  technique  of  Figure  19  is  often  adopted; 
the  input  is  fed  to  a high-impedance  unity-gain  buffer, 
either  directly  (on  "mV"  ranges) 
or  via  a compensated  60  dB 
attenuator  (on  V ranges),  and  the 
buffer's  output  is  fed  to  a basic  1 
mV  FSD  meter  via  a simple  low- 
impedance  attenuator,  which  in 
this  example  has  1-3-10,  etc., 
ranging. 

Note,  when  using  this  circuit 
that  its  input-to-unity-gain-buffer- 
output  frequency  response  is  vir- 
tually flat  over  the  (typical)  fre- 
quency range  20  Hz-150  kHz 
when  used  on  the  "mV"  ranges, 
and  that  the  primary  attenuator's 
15  pF  trimmer  must  — when  ini- 
tially setting  up  the  circuit  — be 
adjusted  on  test  to  obtain  the  same 
frequency  response  on  the  basic  "V" 
range. 

Figure  20  shows  a useful  varia- 
tion of  the  above  technique.  In  this 
case,  the  input  buffer  also  serves  as  a 
xlO  amplifier,  and  the  secondary 
attenuator's  output  is  fed  to  a meter 
with  10  mV  FSD  sensitivity,  the  net 
effect  being  that  a maximum  overall 
sensitivity  of  1 mV  is  obtained  with  a 
minimum  of  complexity. 

Figures  21  and  22  show  input 
buffers  suitable  for  use  with  the  above 
types  of  multi-range  circuits.  The 
Figure  21  design  is  that  of  a unity- 
gain  buffer;  it  gives  an  input  imped- 
ance of  about  4.0  M.  The  Figure  22 
buffer  gives  a xlO  voltage  gain  (set  by 
the  Rl/Rx  ratio)  and  has  an  input 
impedance  of  1 .0  M.  NV 
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From  the  Electronics  World 


Advanced 

Technologies 

New  Cooling  Technique  for 
Electronic  Devices 


You  have  probably  noticed  that 
today's  microprocessors  and 
other  devices  have  presented  design- 
ers with  thermal  management  prob- 
lems in  recent  years. 

The  traditional  approach  has 
been  to  simply  employ  larger 
heatsinks  and  more  powerful  fans. 
However,  heatsinks  can  take  up  a lot 
of  space,  and  cooling  fans  have 
mechanical  limitations. 

For  example,  much  of  the  circu- 
lated air  bypasses  the  heatsinks  and 
does  not  mix  well  with  the  thermal 
boundary  layer  that  forms  on  the 
fins.  Fans  placed  directly  above 
heatsinks  have  "dead  areas"  where 
their  motor  assemblies  block  air 
flow. 

And,  as  designers  boost  air  flow 
to  increase  cooling,  fans  use  more 
energy,  create  more  noise,  and  take 
up  more  space.  Researchers  at  the 
Georgia  Institute  of  Technology 
(www.gatech.edu)  have  concluded 
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that  conventional  fan-driven  cooling 
is  incompatible  with  future  high- 
density,  low-power  systems  and 
therefore  have  been  working  on  alter- 
native solutions.  A concept  that 
seems  to  have  great  potential  is  their 
patented  synthetic  jet  (Synjet) 
device.  The  operating  principle  is 
simple.  Perhaps  you  have  demon- 
strated the  amazing  power  of  your 
stereo  system  by  letting  the  "woofer" 
blow  out  a lighted  match. 

In  much  the  same  manner,  the 
Synjet  uses  an  electromagnetic  or 
piezoelectric  driver,  vibrating  at  a 
rate  of  100  to  200  Hz,  to  suck  in  and 
then  expel  air  from  a cavity. 

This  creates  pulsating  jets  that 
are  directed  to  precise  locations 
where  cooling  is  needed.  According 
to  the  inventors,  the  device  is  better 
than  a fan  in  that  it  has  no  friction 
parts  to  wear  out,  uses  less  energy, 
and  creates  less  noise.  They  point 
out  that,  although  the  jets  move  70 
percent  less  air  than  fans  of  compa- 
rable size,  "the  air  flow  they  produce 
contains  tiny  vortices  which  make 
the  flow  turbulent,  encouraging  effi- 
cient mixing  with  ambient  air  and 
breaking  up  thermal  boundary  lay- 
ers. You  get  a much  higher  heat 
transfer  coefficient  with  synthetic 
jets,  so  you  do  away  with  the  major 
cooling  bottleneck  seen  in  conven- 
tional systems."  Furthermore,  "The 
ability  to  scale  the  jet  modules  to  suit 
specific  applications  and  to  integrate 
them  into  electronic  equipment 
could  provide  cooling  solutions  over 
a broad  range  of  electronic  hardware 
ranging  from  desktop  computers  to 
mobile  phones,  and  other  portable 
devices  that  are  now  too  small 
or  have  too  little  power  for  active 
cooling." 


Plastic  Memories  May  Offer 
High-Density  Storage 

Engineers  at  Princeton  University 
(www.princeton.edu)  and 

Hewlett-Packard  (www.hp.com) 
have  discovered  a combination  of 
materials  that  could  lead  to  cheap 
and  super-compact  electronic  mem- 
ory devices  for  archiving  digital 
images  or  other  data.  The  invention 
could  result  in  a single-use  memory 
card  that  permanently  stores  data 
and  is  faster  and  easier  to  use  than  a 
compact  disk.  The  device  could  be 
very  small,  because  it  would  not 
involve  moving  parts  such  as  the 
laser  and  motor  drive  required  by 
CDs.  The  concept  is  based  on  poly- 
ethylenedioxythiophene  (PEDOT),  a 
polymer  material  that  is  clear  and 
electrically  conductive.  It  has  been 
used  for  years  as  an  antistatic  coat- 
ing on  photographic  film,  and  more 
recently  as  an  electrical  contact  on 
video  displays  that  require  light  to 
pass  through  the  circuitry.  PEDOT 
conducts  electricity  at  low  voltages 
but  permanently  loses  its  conductivi- 
ty when  exposed  to  higher  voltages 
(and  thus  higher  currents),  making  it 
act  like  a fuse  or  circuit  breaker.  This 
led  the  researchers  to  think  about 
using  PEDOT  as  a way  of  storing  dig- 
ital information.  As  we  all  know,  digi- 
tal images  and  computer  data  are 
stored  as  long  strings  of  ones  and 
zeroes.  A PEDOT-based  memory 
device  would  have  a grid  of  circuits 
in  which  all  the  connections  contain 
a PEDOT  fuse.  A high  voltage  could 
be  applied  to  any  of  the  contact 
points,  blowing  that  particular  fuse 
and  leaving  a mix  of  working  and 
nonworking  circuits.  These  open  or 
closed  connections  would  represent 
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zeros  and  ones  and  would  become 
permanently  encoded  in  the  device. 
A blown  fuse  would  block  current  and 
be  read  as  a zero,  while  an  unblown 
fuse  would  let  current  pass  and  act  as 
a one.  This  grid  of  memory  circuits 
could  be  made  so  small  that,  based 
on  the  test  junctions  the  researchers 
made,  one  million  bits  of  information 
could  fit  in  a square  millimeter  of 
paper-thin  material.  If  formed  as  a 
block,  the  device  could  store  more 
than  1 GB  of  information,  or  about 
1,000  high-quality  images,  in  a vol- 
ume of  1 cc.  The  concept  is  said  to  be 
about  five  years  from  commercial 
development. 

Computers  and 
Networking 

Artificial  Intelligence 
Research  Continues 

We  haven't  heard  much  about 
artificial  intelligence  (AI)  lately, 


but  it  appears  that  some  serious 
research  continues  in  an  effort  to 
achieve  this  holy  grail  of  computer 
science.  Artificial  Development,  Inc. 
(www.ad.com),  recently  announced 
that  it  has  completed  assembly  of  the 
first  functional  portion  of  a prototype 
of  its  CCortex,  a 20-billion-neuron 
emulation  of  the  human  cortex,  which 


it  will  use  to  build  a next-generation 
artificial  intelligence  system.  The 
cluster  is  a high-performance,  parallel 
supercomputer,  composed  of  500 
nodes  and  1,000  processors,  1.5  ter- 
abytes of  RAM,  and  80  terabytes  of 
storage.  The  software/hardware  sys- 
tem runs  on  Linux,  using  Intel  and 
AMD  processors.  When  all  sections 
are  assembled,  CCortex  is  expected 
to  reach  a theoretical  peak  perform- 
ance of  4,800  Gflops,  making  it  one 
of  the  top  20  fastest  computers  in  the 
world.  The  cluster  will  be  used  as  a 
test  bed  for  beta  versions  of  CCortex. 
CCortex  is  a massive  spiking  neuron 
network  emulation  that  will  mimic  the 
human  cortex  — the  outer  layer  of 
gray  matter  at  the  cerebral  hemi- 
spheres, largely  responsible  for  high- 
er brain  functions.  The  emulation  cov- 
ers up  to  20  billion  layered  neurons 
and  2 trillion  8-bit  connections.  Most 
neural  network  models  to  date  have 
been  based  on  the  Hebbian  network, 
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a simplified  version  of  the  real  neural 
networks,  based  exclusively  on  connec- 
tivity properties  between  neurons. 
CCortex  adds  to  classical  Hebbian  con- 
nections a time-sensitive,  analog  repre- 
sentation of  the  shape  of  "spikes,"  the 
pulsing  patterns  that  enable  neuron  pop- 
ulations to  communicate  with  each 
other.  This  allows  CCortex  to  tune  vast 
populations  of  neurons  and  the  informa- 
tion they  hold  to  complex  spiking  pat- 
terns, adding  a higher  level  of  complexi- 
ty to  a highly  realistic  simulation. 

The  CCortex  software  emulation 
applies  its  Spiking  Neuron  Software 
Engine  to  a database  that  has  a repre- 
sentation of  the  layered  distribution  of 
neural  nets  and  detailed  interconnec- 
tions in  the  brain.  The  data  closely  emu- 
lates specialized  regions  of  the  human 
cortex,  corpus  callosum,  anterior  com- 
missure, amygdale,  and  hippocampus. 
The  emulation  aims  to  actualize  the 
estate  of  each  neuron  and  its  connec- 
tions several  times  per  second,  main- 
taining a myriad  of  competing  spiking 
patterns,  while  providing  feedback  and 
limited  interaction  with  simplified  ver- 
sions of  other  nervous  and  sensory  sys- 
tems. 

Another  Spam  Defense 

According  to  a Reuters 

news  report,  Yahoo  (www, 
vahoo.com)  is  intending  to  introduce  a 
software  product  called  "Domain  Keys" 
that  will  assist  developers  of  the  Web's 
major  open-source  Email  software  and 
systems  (including  Yahoo  itself)  in 
reducing  the  current  plague  of  unsolicit- 
ed commercial  messages  ("spam"). 
According  to  the  report,  this  technology 
would  make  a slight  change  in  the  way 
Email  works  by  embedding  a secure,  pri- 
vate key  in  all  message  headers.  A 
receiving  system  would  compare  this 
private  key  with  the  presumed  sender's 
Internet's  Domain  Name  System's  public 
key.  If  the  public  key  can  decrypt  the  pri- 
vate key,  this  will  prove  that  the  return 
header  is  not  forged,  and  it  will  be  deliv- 
ered. If  not,  the  message  will  be 
dumped.  As  with  all  proposed  spam 
cures,  whether  technological  or  legisla- 
tive, the  plan  cannot  totally  eliminate  the 


problem  unless  it  is  universally  adopted, 
which  is  highly  unlikely. 

However,  according  to  a Yahoo  rep- 
resentative, "If  we  can  get  only  a small 
percentage  of  the  industry  to  buy  in,  we 
think  it  can  make  a dent."  In  addition, 
Domain  Keys  is  free  and  comes  with  no 
use  restrictions,  so  there  is  no  over- 
whelming reason  why  an  Email  provider 
should  not  adopt  it. 

Circuits  and  Devices 

VGA  Image  Sensor  Introduced 


Image  sensor  prc 

jvides  full-resolution 

operation  at  200  frames  per  second.  Photo 

courtesy  of  Mic 

ran  Technology,  Inc. 

Micron  Technology,  Inc.  (www. 

micron. coml.  has  announced 
the  MT9V403  high-speed  VGA  image 
sensor,  which  is  capable  of  operating  at 
up  to  200  frames  per  second  (fps)  at  full 
resolution.  Using  Micron's  proprietary 
TrueSNAP™  technology,  it  features  a 
freeze-frame  electronic  shutter  that  stops 
fast  motion  with  high  accuracy. 
TrueSNAP  technology  was  created  for 
use  in  high-speed  applications  that  allow 
all  pixels  to  be  simultaneously  exposed, 
similar  to  the  "global  shutter"  of  a CCD 
sensor.  The  device's  digital  interface  pro- 
vides flexible  control  of  performance 
parameters  such  as  exposure  time, 
frame  rate,  and  windowing  functionality. 
The  sensor  includes  on-chip  10-bit  ana- 
log-to-digital  converters  outputting 
monochrome  or  color  digital  video  in 
659H-by494V-pixel  format  at  0-200  fps 
and  a responsivity  of  2,000  bits  per  lux 
second.  Currently,  the  MT9V403  is 
designed  for  high-speed  machine-vision 
and  special  effects  applications,  includ- 
ing such  things  as  airbag  deployment 


and  golf  swing  analysis.  It  is  intended 
that  the  TrueSNAP  technology  will  even- 
tually migrate  to  other  Micron  imaging 
devices. 

Low-Cost  Temperature  Switch 

Maxim  Integrated  Products 
(www.maxim-ic.com),  has  intro- 
duced the  M AX65 1 6-M AX65 1 9 line  of 
low-cost,  analog  temperature  switches 
that  assert  a logic  signal  when  a preset 
temperature  is  reached.  The  devices  fea- 
ture ±0.5  °C  typical  accuracy  while  con- 
suming only  20  pA  of  supply  current. 
Temperature  trip  thresholds  are  factory 
set  and  available  from  +35 °C  to  +1 15°C, 
in  10°C  increments.  Hysteresis  is  pin 
selectable  at  2°C  or  10°C.  No  external 
components  are  required  to  set  the  trip 
threshold.  These  temperature  switches 
are  designed  for  over/undertemperature 
regulation,  desktop  and  notebook 
computers,  RAID,  and  servers. 
The  M AX65 1 6/M AX65 1 8 provides  an 
active-high,  push-pull  output.  The 
MAX6517/MAX6519  provides  an  active- 
low,  open-drain  output.  Each  device  also 
features  an  analog  output  with  an  accu- 
racy of  ±3°C  (max)  over  the  entire  tem- 
perature range.  The  devices  operate 
over  a temperature  range  of  40  °C  to 
+125°C,  with  a power-supply  voltage 
range  of  2.7  to  5.5  V.  They  are  available 
in  a five-pin  SOT23  package.  Prices  start 
at  $0.75  in  quantities  of  2500+. 

Industry  and  the 
Profession 

Museum  of  Hard  Disc  Drives 
Planned 

Forget  about  the  Louvre,  the 
Hermitage,  or  the  Prado.  Don't  both- 
er with  the  Smithsonian,  the  American 
Museum  of  Science  and  Energy,  or 
England's  National  Museum  of  Science 
and  Industry.  Put  all  your  travel  plans  on 
hold,  because  the  Museum  of  Hard  Disc 
Drives  will  be  opening  during  the  2004 
Komputer  Expo  Fair  in  (no  jokes, 
please)  Warsaw,  Poland.  After  the  fair, 
the  exhibits  will  be  transferred  to  the 
Silesian  Museum  in  Katowice  for  viewing 
by  the  general  public  and,  eventually, 
transferred  to  the  headquarters  of  MBM 
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Among  the  vintage  drives  to  be  displayed  in 
the  Museum  of  Hard  Disc  Drives  is  the 
classic  Seagate  ST225.  Photo  courtesy  of 
Randolph  Byrnes. 


Ontrack  (www.mbin.com.pl),  the  data 
recovery  company  that  came  up  with 
the  idea.  According  to  a press 
release,  the  Museum  of  Hard  Disc 
Drives  "will  popularize  the  history  of 
dynamic  development  of  informatics 
among  PC  users." 

Three  of  the  items  on  display 
were  magnanimously  donated  by 
Seagate  Technology  (www.seagate. 


com):  ST4038,  ST225,  and  ST125 
drives.  Developed  in  1985,  the  ST4038 
was  used  in  the  IBM  PC  AT  and  had  a 
capacity  of  38  MB. 

According  to  Marcin  Musil,  manag- 
ing director  of  MBM  Ontrack,  "We  are 
glad  that  our  initiative  has  gained  the  sup- 
port of  the  biggest  manufacturer  of  hard 
disc  drives.  The  drives  donated  to  the 
Museum  by  Seagate  are  the  most  pre- 
cious exhibits  of  our  collection." 
"Precious,"  of  course,  is  a relative  term. 

As  I write  this,  a vintage  ST225  drive 
and  controller  card  is  for  sale  on  Ebay 
with  an  initial  price  of  $10.00,  so  far 
attracting  no  bids.  Perhaps  our  readers 
can  provide  additional  assistance. 

If  anyone  from  the  museum  reads 
this,  please  note  that  I am  willing  to 
donate  a magnificent  44  MB  Syquest  car- 
tridge from  my  private  collection  (as  long 
as  1 don't  have  to  pay  the  postage).  It's 
great  for  propping  up  a wobbly  table,  and 
1 would  rate  its  current  value  at  nearly 
$1.37. 


HP  Continues  to  Gain 
Workstation  Market  Share 

Hewlett-Packard  (www.hp.com) 
captured  27  percent  of  the  world- 
wide workstation  market  for  units 
shipped  for  the  third  quarter  of  calendar 
year  2003,  according  to  a report 
released  recently  by  research  group 
1DC.  In  the  CIS  personal  workstation 
segment,  HP  grew  at  twice  the  rate  of 
the  overall  market  with  a 17.5  percent 
increase. 

HP  recognized  year-to-year  growth 
in  the  same  market  with  an  increase  of 
24  percent,  leading  all  other  worksta- 
tion vendors  ranked  by  IDC.  In  Western 
Europe,  HP  continues  to  be  the  no.  1 
workstation  provider  with  sequential 
growth  of  24  percent. 

HP  recognized  the  most  growth 
within  the  Intel®  Pentium®  4 and  Xeon 
based  personal  workstation  segment, 
but  it  increased  units  shipped  across  its 
entire  workstation  line.  NV 
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Just  For  Starters 


by  Mark  batch 


Basics  For  Beginners 

Just  For  Starters 

Choosing  A 7400  Logic  Family 


Engineers  and  hobbyists  alike 
have  taken  advantage  of  the 
ubiquitous  7400-series  logic 
families  for  years.  A 7400  device 
comes  to  mind  when  you  need  a 
single  AND  gate,  a flip-flop,  or 
other  basic  logic  function.  These 
devices  are  easy  to  use  because  of 
their  standardized  features.  Across 
different  families,  equivalent 
devices  generally  have  identical  pin 
assignments  and  basic  functionali- 
ty. 7400  logic  is  a de-facto  standard 
that  everyone  designing  with  elec- 
tronics should  be  familiar  with. 

There  have  been  many  families 
under  the  7400  canopy  that  have 
come  and  gone.  Some  existing 
families  are  just  a few  years  old  and 
others  are  counting  decades.  In 
this  column,  we'll  discuss  a few  of 
the  more  commonly  used  7400 
families.  Once  you  understand  the 
areas  of  distinction,  you'll  be  able 
to  do  your  own  research  to  find  the 
family  most  suited  to  your  project. 

1C  Specifications 

Integrated  circuit  (IC)  manufac- 
turers provide  many  specifications 
for  their  products.  The  specifica- 
tions that  define  different  7400 
variants  are  essentially  nominal 
supply  voltage,  input/output  volt- 
ages and  currents,  and  propaga- 
tion delays.  Supply  voltage  is  his- 
torically denoted  Vcc,  referring  to 
the  collector  voltage  of  transistors 
in  the  original  devices. 
Manufacturers  sometimes  rate  Vcc 
at  + 10%,  but  often  specify  electri- 
cal characteristics  under  a tighter 
± 5%  range. 
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Voltage  specifications  are  treat- 
ed differently  for  each  logic  level. 
When  a logic-0  is  applied  to  an  IC 
input,  the  specification  that  really 
matters  is  the  maximum  allowable 
voltage  level  that  can  be  recog- 
nized as  a 0 by  the  IC.  This  specifi- 
cation can  be  denoted  as  VIL(MAX). 
Conversely,  a logic- 1 specification 
is  the  minimum  voltage  level  that 
can  be  recognized  as  a 1,  or 
Vih(min)-  Between  VIL(MAX)  and 
Vih(min)  lies  a "no-man's  land"  that 
should  be  avoided  due  to  indeter- 
minate results. 

Similar  voltage  specifications 
apply  to  1C  outputs.  You  are  inter- 
ested in  the  maximum,  or  worst- 
case,  output  voltage  that  repre- 
sents a logic-0,  VOL(MAX).  If  VOL(MAX) 
is  higher  than  VIL(MAX),  you  won't 
be  able  to  reliably  drive  a similar 
chip.  Of  equal  interest  is  the  worst- 
case  logic-1  output  voltage, 
Voh(min)-  Voh(min)  cannot  be  less 
than  VIH(MIN)  for  reliable  inter-chip 
connections. 

Currents  are  signed  specifica- 
tions because  currents  flow  into 
and  out  of  the  IC  depending  on  the 
logic  level  being  applied  or  driven. 
The  convention  is  that  positive  cur- 
rents enter  the  chip  and  negative 
currents  leave  the  chip.  On  the 
input  side,  the  logic-0  input  current 
is  actually  negative  because  cur- 
rent flows  out  of  the  chip  to  a lower 
applied  voltage.  Logic-1  output  cur- 
rent is  also  negative  because  cur- 
rent flows  out  of  the  chip.  An  IC 
"sinks"  incoming  currents  and 
"sources"  outgoing  currents. 
Written  specifications  may  simplify 
notation  by  referring  to  currents  in 


absolute  values,  thereby  foregoing 
mention  of  negative  currents. 

It  should  be  noted  that,  as  a 
load  requires  more  current,  the  out- 
put voltage  is  pulled  towards  the 
center  "no-man's  land."  A lightly 
loaded  output  will  exhibit  a more 
desirable  voltage  level  closer  to 
either  of  the  IC's  power  rails.  The 
output  voltage  specifications  can 
no  longer  be  guaranteed  if  you 
exceed  a device's  specified  output 
current  rating. 

Propagation  Delay 

The  parameters  just  men- 
tioned are  called  DC  specifications 
because  they  refer  to  steady-state 
operation  of  the  IC.  An  output  volt- 
age will  not  change  if  all  circuit 
characteristics  are  held  constant. 
Propagation  delays  are  AC  specifi- 
cations because  they  refer  to  tran- 
sitional behavior.  An  IC's  output 
voltage  changes  some  finite  time 
after  a corresponding  input  voltage 
changes.  This  is  a propagation 
delay,  generally  measured  in 
nanoseconds,  or  in  billionths  of  a 
second. 

Manufacturers  should  specify 
minimum  and  maximum  propaga- 
tion delays,  but  they  do  not  always 
do  so.  Often,  only  the  maximum 
propagation  delay  is  specified, 
which  is  adequate  for  many  cir- 
cuits. Some  circuits  — especially 
high-speed  circuits  — also  require 
minimum  delays.  When  these  spec- 
ifications are  unavailable,  it  takes 
experience  and  care  to  avoid  tim- 
ing problems.  Timing  analysis  is  a 
detailed  topic  beyond  the  scope  of 


FEBRUARY  2004 


Just  For  Starters 


Device 

VCc 

(nominal) 

& E 
i 

< < 

z 

z 

I 

> 

< 

z 

:> 

If 

_0 

I? 
_0  ~ 

z 

z 

I 

>° 

£ 

z 

>° 

ft 

A 

74LS00 

5.0 

0.02 

0.36 

2 

0.8 

0.4 

8 

2.7 

0.5 

15 

74F00 

5.0 

0.005 

0.6 

2 

0.8 

1 

20 

2.7 

0.5 

5 

74HCT00 

5.0 

0.001 

0.001 

2 

0.8 

4 

4 

3.98 

0.26 

23 

74ACT00 

5.0 

0.001 

0.001 

2 

0.8 

24 

24 

3.86 

0.44 

9 

74  LC 

3.3 

0.005 

0.005 

2 

0.8 

24 

24 

2.2 

0.55 

5.2 

2.5 

0.005 

0.005 

1.7 

0.7 

8 

8 

1.8 

0.6 

6.2 

TABLE  I : Basic  7400  family  DC  and  AC  characteristics  (source:  Fairchild  Semiconductor) 


this  article.  My  book, 

Complete  Digital 
Design,  contains 
an  in-depth  presen- 
tation of  timing 
analysis. 

Watch  out  for 
the  trap  of  "typical" 
timing  specifications 
that  many  IC  data 
sheets  provide. 

Typical  numbers  are 
not  worst-case  speci- 
fications over  the 
IC's  specified  operat- 
ing range.  Propagation  delays  change  dramatically  with 
changes  in  supply  voltage  and  temperature.  Minimum 
and  maximum  specifications  are  guaranteed  across  an 
operating  range.  However,  typical  numbers  can  help 
provide  a clearer  picture  of  a device's  operation.  Just 
don't  get  fooled  into  relying  on  them  alone. 

Bipolar  (TTL) 

Now  that  you  know  how  to  evaluate  an  IC's  charac- 
teristics, let's  get  back  to  7400  devices.  The  original 
7400  families  are  bipolar  devices,  also  known  as  transis- 
tor-transistor logic  (TTL).  Bipolar  logic  is  constructed 
from  bipolar  junction  transistors,  in  contrast  to  CMOS 
logic,  which  is  constructed  using  a metal-oxide  semi- 
conductor (MOS)  process.  Two  of  the  common  bipolar 
families  still  in  use  today  are  74LS  and  74F.  74LS  uses 
low-power  Schottky  circuitry  while  74F  uses  faster  cir- 
cuitry at  the  expense  of  higher  power  consumption. 

Both  families  run  on  a single  5 V (nominal)  power 
supply.  The  74LS  and  74F  families  are  available  from 
almost  every  electronics  component  retailer  and  distrib- 
utor. Table  1 lists  DC  and  AC  characteristics  for  the  fam- 
ilies mentioned  in  this  article.  The  '00  device  in  each 
family  is  a quad  two-input  NAND-gate.  You  can  see  that 
the  74LS00  is  much  slower  than  the  74F00  and  that  it 
provides  less  output  current.  A characteristic  of  TTL 
logic  is  the  asymmetric  drive  strength  between  logic- 1 
and  logic-0.  The  logic-0  state  can  sink  much  more  cur- 
rent than  the  logic-1  state  can  source. 

On  the  input  side,  the  logic-0  state  sources  more 
current  than  the  logic-1  state  sinks.  74LS  and  74F 
devices  can  be  mixed  because  they  have  compatible 
input  and  output  voltage  thresholds.  There  are  0.7  V of 
worst-case  margin  between  Vqh(min)  and  Vih(min)  anc*  0.3 
V between  VOL(max)  and  V1L(MAX). 

Fan-out 

Fan-out  is  an  important  characteristic  to  pay  atten- 
tion to:  it  determines  the  number  of  inputs  that  a single 


output  can  drive.  From  a purely  DC  perspective,  fan-out 
is  calculated  by  dividing  the  output  drive  strength  by  the 
input  current  for  each  logic  state.  Then  you  take  the 
lesser  of  the  two  numbers.  Doing  this  for  the  74LS00 
and  74F00  yields  22  and  33,  respectively.  However, 
fan-out  should  also  be  considered  from  an  AC,  or 
transitional,  perspective. 

Each  additional  load  on  an  output  driver  adds  a 
small  amount  of  capacitance.  An  1C  pin  typically  adds 
about  10  pico-Farads  (pF)  of  capacitance  (some  more 
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and  some  less).  Capacitors  take  a finite  time  to  charge 
and  slow  down  the  rise  and  fall  times  of  an  IC's  output 
driver.  AC  specifications,  such  as  propagation  delays, 
are  often  accompanied  with  a maximum  load  capaci- 
tance. Values  from  20  to  50  pF  are  typical.  A rough  fan- 
out estimate  is  obtained  by  dividing  the  maximum 
capacitance  by  10  pF.  This  drops  the  fan-out  to  just  sev- 
eral inputs  rather  than  20  or  30. 

If  an  IC  has  much  faster  AC  specifications  than  your 
application  requires,  you  may  experiment  with  higher 
fan-out  than  what  is  actually  allowed  by  the  capacitance 
numbers.  It  is  important  to  understand  the  compromise 
being  made. 


As  seen  in  Table  1,  HCT  has  lower  input  current 
than  74LS  and  74F,  which  enables  it  to  consume  less 
power  at  steady-state.  (Capacitance  dominates  power 
consumption  during  signal  transitions  due  to  the 
charge/discharge  process.)  74HCT  also  has  symmetri- 
cal output  drive  strength. 

Table  1 shows  that  74HCT  is  slower  than  74LS  and 
74F.  74ACT  increases  the  speed  and  drive  strength  of 
CMOS  logic,  though  it  is  not  as  fast  as  74F.  Both  CMOS 
variants  do  a better  job  than  TTL  of  driving  outputs  clos- 
er to  the  power  rails. 

Low-Voltage  Devices 


CMOS  Logic 

Complementary  MOS  (CMOS)  logic  is  a lower 
power  alternative  to  bipolar.  Several  CMOS  7400  fami- 
lies were  developed  to  complement  the  TTL  variants. 
Some  families  such  as  C and  HC  are  function-compati- 
ble with  TTL,  but  have  different  voltage  thresholds. 
Different  thresholds  make  it  difficult  to  mix  different 
technologies  on  the  same  circuit  board.  74HCT  was 
developed  for  the  low-power  benefits  of  CMOS  while 
retaining  TTL-compatible  voltage  thresholds. 
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Discrete  logic  has  taken  a diminished  role  in  main- 
stream system  design  due  to  high-density  ICs.  More  and 
more  systems  have  abandoned  5-volt  logic  in  favor  of 
3.3,  2.5,  1.8,  and  1.5-volt  technologies.  The  7400  fami- 
ly has  been  energized  in  recent  years  by  new  variants 
from  several  manufacturers.  Fairchild  Semiconductor 
offers  the  74LCX  family  that  operates  at  lower  supply 
voltages  with  relatively  fast  propagation  delays. 

Which  Family  to  Pick? 

Choosing  a logic  family  is  highly  application  specif- 
ic. If  you  are  prototyping  with  mature  technologies, 
5-volt  logic  may  be  appropriate.  The  next  aspect  to  con- 
sider is  how  fast  your  ICs  need  to  operate.  Generally 
speaking,  it  is  best  to  use  slower  devices  with  lower 
power  consumption  whenever  possible. 

Slower  devices  have  fewer  tricky  problems  and  it  is 
easier  to  work  with  lower  currents.  Then  there  are  han- 
dling concerns  of  CMOS  versus  TTL.  CMOS  devices  are 
sensitive  to  static  electricity. 

If  you're  not  careful,  you  can  zap  a chip  and  destroy 
it.  Finally,  the  choice  may  be  made  for  you  by  the  other 
devices  that  you  are  working  with.  If  you  need  to 
work  with  a 3.3-volt  1C,  you'll  have  to  pick  a low-voltage 
family.  NV 
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saddened  by  the  apparent  lack  of  interest  in  circuit  basics  by 
the  current  pocket-protector  generation.  Mr.  Frenzel  did  a 
splendid  job  of  explaining  just  what  has  happened  over  the 
past  30+  years,  and,  to  some  extent,  has  allayed  my  fears 
that  the  electronics  enthusiast  will  become  an  absolute  slave 
to  off-the-shelf  technology. 

Nuts  & Volts  continues  to  present  a broad  spectrum  of 
interesting  articles,  which  I hope  will  continue.  Ray  Marston's 
series  on  bipolar  transistors,  Chris  Hannold's  introduction  to 
FPGAs,  and  even  Don  Stulken's  letter  in  “Reader  Feedback” 
(including  Nuts  & Volts  kind  offer  to  distribute  Don's  circuits 
and  notes)  help  not  only  to  maintain  an  interest  in 
electronics  basics,  but  to  prove  that  interest  does,  indeed, 
continue  to  exist  at  this  level.  I will  always  maintain  that  a 
grounding  in  basics  is  essential,  for,  as  the  quote  implies, 
"Those  who  cannot  remember  the  past  are  condemned  to 
repeat  it." 

Jim  Wood 
via  Internet 


Dear  Nuts  & Volts: 

I greatly  appreciate  and  enjoy  your  publication.  As  an 
electronics  student  and  hobbyist,  I thank  you  and  all  your 
contributing  editors.  I've  learned  more  from  your  publication 
than  in  the  18  months  of  tech-school  that  I attended  (for  a 
great  deal  of  money!).  We  live  and  learn. 

Thank  you,  God  bless,  and  keep  up  the  good  work! 

Freddy  R.  Lazzu 
Greensburg,  PA 
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by  Gerard  Fonte 


The  Business  of  Electronics  Through  Practical  Design  and  Lessons  Learned 

In  The  Trenches 

Being  Successful 


Everyone  wants  to  succeed. 
But,  some  people  are  better 
at  it  than  others.  Is  it  really 
the  person?  Or  is  it  how  they 
address  their  objectives?  We'll  look 
at  the  skills  needed  to  be  successful. 
And,  we'll  see  that  anyone  can 
improve  their  success  rate  once 
they  understand  the  steps  for 
success. 

What  is  Success? 

A while  back,  I was  one  of  a 
number  of  people  asked  to  partici- 
pate in  a "Career  Day"  at  a local 
high  school.  Before  each  of  us  start- 
ed to  discuss  our  particular  area  of 
interest,  the  principal  addressed  the 
students  and  defined  success  in 
terms  of  four  clear  and  simple  steps: 
1 . Define  a goal;  2.  Decide  what  you 
want  to  spend  to  get  that  goal;  3. 
Make  a plan;  and  4.  Execute  the 
plan.  I was  surprised  to  realize  that 
I'd  been  saying  those  same  things 
(but  with  much  less  eloquence). 

However,  before  we  start  on 
these  steps,  there  is  an  important 
point  that  has  to  be  made.  Success 
is  a subjective  measure.  Success  is 
what  you  think  it  is  ...  not  what 
someone  else  thinks.  You  don't  have 
to  get  straight  A's  to  be  a successful 
student.  You  don't  have  to  make  bil- 
lions of  dollars  to  be  successful  in 
business.  You  are  a success  if  you 
think  and  feel  you  are.  (Of  course, 
this  doesn't  preclude  others  from 
trying  to  change  your  mind.) 
Remember,  success  is  achieving 
your  goal,  not  someone  else's  goal. 

Defining  a Goal 

The  first  step  is  probably  the 
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most  direct  and  simple. 
Nevertheless,  it  seems  to  be  over- 
looked with  regularity.  It's  just  defin- 
ing what  you  want.  Naturally,  there 
are  many  things  you  want.  Some 
are  general  like  fame  and  fortune. 
Others  are  more  specific  like  getting 
a raise  or  a promotion.  It's  impor- 
tant to  know  precisely  what  you 
want. 

Unfortunately  there  are  a fair 
number  of  people  who  want  to  be 
successful  but  don't  really  have  any 
goals.  These  people  are  really  walk- 
ing through  life  without  any  direc- 
tion. They  think  that  if  they  go  to 
work  each  day  and  do  their  job  that, 
in  the  end,  they'll  be  a vice  president 
of  the  company.  Unfortunately,  this 
is  not  a very  likely  outcome. 

These  people  are  depending  on 
others  to  bestow  success  on  them. 
Success  is  not  something  given  by 
others,  it  is  something  you  craft  for 
yourself.  Let's  be  realistic,  if  you  had 
to  choose  between  giving  a promo- 
tion to  yourself  or  some  other  work- 
er, you'd  most  likely  choose  your- 
self. Being  selfish  is  human  nature, 
and  there's  nothing  wrong  with  that 
(within  reasonable  limits).  Everyone 
wants  to  win. 

It's  important  to  choose  a rea- 
sonable goal.  I'm  5'5"  tall.  So,  it's 
not  reasonable  for  me  to  have  a goal 
as  a center  for  the  New  York  Knicks 
basketball  team.  But,  gymnasts  are 
generally  about  my  size.  So,  being 
an  Olympic  gymnast  might  be  a 
reasonable  goal  for  me  (when  I was 
younger  — much  younger  — that  is). 
Most  academic  or  business  goals 
are  usually  less  restrictive.  There  are 
a lot  more  doctors,  lawyers,  and 
engineers  than  there  are  profession- 
al athletes.  For  most  people,  it's  usu- 


ally easier  to  learn  how  to  be  a bet- 
ter doctor  or  engineer  than  it  is  to 
learn  how  to  rebound  better. 

This  leads  to  one  of  my  favorite 
sayings  which  is,  "Anyone  can  be 
anything  they  want,  but  no  one  can 
be  everything  they  want."  What  I 
mean  is  that  is  that  anyone  can 
exceed  well  beyond  what  they  think 
they  are  capable  of.  (If  they  work  at 
it.)  So,  lofty  goals  are  not  unreason- 
able. You  can  be  a senator  or  the 
vice  president  of  a large  company. 

It's  also  important  that  your 
main  goals  in  life  be  flexible  and 
open-ended.  Athletes  often  have 
problems  because  they  don't  see 
past  the  Super  Bowl  or  World  Series. 
How  do  you  deal  with  a career  that 
ends  at  age  27? 

These  are  very  competitive  peo- 
ple who  can  no  longer  compete. 
They  have  no  more  goals  in  life.  If 
they  don't  make  new  ones,  they  can 
have  serious  problems. 

After  you  make  a million  dol- 
lars, will  you  stop?  If  you  do,  what 
do  you  plan  to  do  after  that?  If  you 
don't  stop,  how  many  millions  do 
you  want?  (Making  a million  dollars 
is  fairly  straightforward  — more  on 
that  later.) 

I was  talking  to  a business 
friend.  She  seemed  serious  when 
she  said  she  wanted  to  retire  and 
live  the  rest  of  her  life  in  the  sun  on 
a beach.  I asked  her  how  long  she 
really  thought  she  could  do  that 
before  she  went  nuts  from  boredom. 
She  paused  and  said,  "You're  right. 
Probably  a month."  Do  your  goals  fit 
you?  That's  important,  too. 

Engineers  are  very  fortunate  in 
that  they  often  choose  learning  as  a 
life  goal.  This  is  a great  choice.  It's 
open-ended.  You  can  never  learn 
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too  much.  And,  it's  flexible. 
Engineering  is  always  changing.  So, 
there  are  always  opportunities  to 
learn  different  things.  And  since 
engineers  are  pretty  good  at  learn- 
ing, there's  no  reason  to  limit  your 
studies  to  engineering.  A surprising 
number  of  older  engineers  like  to 
take  up  completely  different  pursuits 
like  music,  art,  or  photography. 

This  discussion  may  seem  off 
the  point.  How  does  this  help  you  get 
that  promotion?  What  I'm  trying  to 
show  is  that  goal  setting  is  part  of 
human  nature.  We  do  it  all  the  time, 
but  often  don't  realize  that's  what 
we're  doing.  When  we  say  we  want 
something,  we  are  setting  a goal.  It's 
important  to  have  specific  goals  so 
that  you  can  direct  your  energy  in 
the  most  efficient  manner.  Success 
is  about  competing  and  winning.  Not 
everyone  will  win. 

Note,  some  people  don't  want  to 
compete.  They  are  happy  to  just  do 
their  job  and  get  their  paycheck. 
There's  nothing  wrong  with  this. 
Their  lifestyle  is  just  vanilla.  This 
laid-back  approach  is  a form  of 
success,  too.  They  have  what  they 
want.  They've  reached  their  goal. 
Remember,  your  success  is  what  you 
think  it  is.  Successful  people  are  sat- 
isfied with  themselves  and  satisfied 
with  their  life. 

Paying  for  it 

Would  you  rather  be  rich  or 
happy?  An  interesting  recent  poll 
showed  that  Americans  tend  to 
choose  "happy"  while  Asians  tend  to 
choose  "rich".  You  have  to  decide  the 
worth  of  your  goal.  How  important  is 
that  raise  or  promotion?  Are  you  will- 
ing to  work  an  extra  10  hours  a 
week? 

You  can  see  that  determining 
what  it  costs  to  achieve  a goal  is 
closely  linked  to  your  plan.  We'll  look 
at  them  separately,  but  realize  that 
there  are  trade-offs  between  them.  In 
fact,  it's  very  common  and  reason- 
able to  change  a goal  once  you  real- 
ize what  it  will  cost.  (You  can  be  a "B" 
student  with  a social  life  or  an  "A" 
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student  without  one.)  Your  cost  is 
usually  measured  in  work,  risk, 
money,  and  sacrifice.  Being  an  "A" 
student  costs  mostly  work.  You 
spend  time  on  a lot  of  all-nighters  to 
ace  those  exams.  Being  a poet, 
musician,  or  writer  is  risky.  Your  suc- 
cess depends  on  others  appreciating 
your  work.  Money  is  often  a compo- 
nent in  success.  It  costs  more  to  get 
into  a major  university  than  a com- 
munity college. 

Obviously,  you'll  have  a better 
chance  at  success  with  a business 
degree  from  Yale  than  from 
Whatsamatta  U.  Sacrifice  is  a gener- 
ic term.  This  refers  to  the  intangible 
things  you  have  to  give  up  to  pursue 
a goal,  for  example,  less  time  with 
family  and  friends,  a small  TV 
instead  of  a big  plasma  screen  on 
your  wall,  or,  often,  ridicule.  This  is 
because  successful  people  tend  to 
be  independent,  driven,  and  self-con- 
fident. This  can  be  seen  by  others  as 


unconventional,  narrow-minded,  and 
arrogant. 

Psychology  of 
Success  and  Failure 

From  my  experience,  there  are 
two  types  of  successful  people.  The 
first  I call  "gifted".  These  are  people 
who  have  been  marked  as  being  suc- 
cessful from  an  early  point  in  their 
life.  They've  always  been  supported 
by  their  parents,  teachers,  profes- 
sors, coaches,  etc.  They  are  expect- 
ed to  always  do  well  by  themselves 
and  with  others.  They  go  to  special 
schools,  have  special  classes,  and 
are  treated  in  a preferential  way. 
They  never  fail. 

I say  "never"  because,  if  they  do 
fail  at  something  significant,  they 
tend  to  have  a very  hard  time  with  it. 
Failure  is  not  something  they  under- 
stand. They  are  hurt,  angered,  and 
bewildered  by  failure.  Sometimes 


they  never  recover  from  a single  big 
failure.  I'm  sure  you've  heard  an 
announcer  say,  "If  they  pull  that 
young  quarterback  now,  he'll  never 
get  his  confidence  back."  These  peo- 
ple tend  to  have  a strong  but  brittle 
ego.  Like  Humpty  Dumpty,  once  it's 
broken,  it's  hard  to  put  it  back 
together. 

The  other  successful  type  I call 
"relentless".  These  are  self-driven 
people  who  have  had  no  support 
group.  These  people  tend  to  be 
extremely  self-reliant  and  self-confi- 
dent. They  view  failure  as  a chal- 
lenge. They  use  failure  as  a learning 
tool.  These  people  just  never  stop. 
The  old  saying  "Nine  times  down  and 
ten  times  up,"  is  their  motto.  Or  per- 
haps, "Never  make  the  same  mis- 
take twice." 

Most  of  us  probably  don't  fit  into 
the  "gifted"  group.  But  you  don't 
have  to  be  gifted  to  be  "relentless". 
You  can  learn  this.  Realize  that  fail- 
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ure  is  an  opportunity  to  learn  some- 
thing new.  For  "relentless"  people, 
the  only  real  failure  is  giving  up. 

Make  a Plan 

How  you  reach  a goal  can  be 
easy  or  complicated,  creative  or  con- 
ventional, fast  or  slow.  It's  up  to  you. 
Here  are  two  plans  to  make 
$1,000,000.00. 

The  first  way  is  to  take  a second 
job  that  brings  in  $200.00  per  week 
after  taxes  (or  set  aside  $200.00  per 
week  from  your  regular  job,  if  you 
make  a lot  of  money.)  Deposit  this 
$200.00  in  an  account  that  provides 
seven  percent  interest.  In  30  years, 
you'll  have  your  million.  Then  you 
can  retire  and  collect  $70,000.00  per 
year,  forever,  from  interest.  This 
approach  is  mathematically  guaran- 
teed to  succeed. 

Another  method  (which  I don’t 
endorse  or  recommend),  is  to  go  to 


the  art  museum  and  steal  the  most 
expensive  item  and  sell  it  for 
$1,000,000.00.  Obviously,  this  car- 
ries a great  risk  of  being  locked  up 
for  10  to  20  years  — maybe  with  time 
off  for  good  behavior.  It's  also  social- 
ly unacceptable,  difficult  to  accom- 
plish, and  simply  rude.  And,  while 
the  movies  may  glamorize  art 
thieves  and  cat  burglars,  real  crimi- 
nals are  not  like  the  movies.  Besides, 
what  would  your  parents  think? 

These  two  plans  are  not  accept- 
able to  most  people.  Working  80 
hours  a week  for  30  years  is  simply 
too  long  to  endure.  Being  a criminal 
is  also  not  something  most  people 
want.  Obviously,  a plan  needs  to  fit 
you  and  your  lifestyle. 

Plans  should  be  flexible,  too. 
This  is  for  two  reasons.  The  first  is 
that  any  plan  may  have  problems. 
For  example,  you  have  an  important 
job  interview  in  the  morning  at  9:00 
AM.  The  commute  takes  30  minutes 


so  you  plan  to  leave  at  8:00.  By 
adding  a half-hour,  you  will  have  the 
option  to  take  an  alternate  route  if 
your  planned  route  is  too  congested. 
(Note  that  even  this  small  success 
has  goal,  plan,  cost,  and  execution 
phases.) 

The  second  reason  for  flexible 
plans  is  that  goals  change.  For 
example,  say  that  you  are  working 
hard  for  a promotion.  Then  you  find 
out  that  the  company  is  on  shaky 
financial  ground.  Your  goal  changes 
from  getting  a promotion  to  not 
being  let  go.  Hopefully,  your  plan  can 
be  modified  for  the  new  goal. 

Execute  the  Plan 

This  is  usually  the  hardest  step. 
Most  people  fail  here  for  the  simple 
reason  that  it  takes  effort.  Here  is 
where  you  pay  for  your  goal. 
TANSTAAFL!  There  Ain't  No  Such 
Thing  As  A Free  Lunch  (Robert 
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Heinlein).  No  one  is  going  to  give  you 
success  except  yourself.  Dieters  are  the 
classic  example  of  failing  to  execute  a 
plan.  The  goal  is  to  lose  10  pounds  in  a 
month.  The  plan  is  to  go  to  the  gym 
twice  a week  and  to  eat  less.  The  cost  is 
time  and  no  more  chocolate.  But,  I'm 
too  busy  this  week  to  go  to  the  gym. 
And  1 went  out  for  lunch  and  they  had  a 
birthday  party  and  I couldn't  refuse  the 
cake.  And  then  there's  your  mother. 
"You're  not  going  to  get  that  A if  you 
don't  study!"  She  knows  all  about  exe- 
cuting a plan. 

Competition 

In  some  things,  you  can  be  suc- 
cessful all  by  yourself.  You  can  learn  a 
new  computer  language  by  yourself,  or 
ride  a bicycle,  or  design  a circuit.  There 
are  other  times  when  you  have  to  com- 
pete with  others  to  be  successful. 
Obviously,  you  can't  win  a tennis  match 
without  beating  your  opponent.  And 
lots  of  others  want  that  trophy,  job,  or 
promotion  just  as  badly  as  you  do.  The 
first  thing  to  realize  is  that  competing 
against  others  is  always  uncertain.  The 
simple  and  obvious  reason  is  "success" 
now  depends  on  what  others  think  and 
do.  Your  boss  chooses  who  is  "success- 


ful". Your  co-workers  may  have  advan- 
tages you  are  not  aware  of.  This  type  of 
success  cannot  be  controlled  by  you. 
However,  you  can  certainly  influence 
and  enhance  your  chance  of  winning  by 
following  the  four  steps  of  success. 

Getting  that  New  Job 
or  Promotion 

What  is  your  real  goal  here?  Do 
you  want  more  money?  Do  you  want 
the  prestige  of  a nice  title?  Do  you  want 
to  have  a more  interesting  job?  If  you 
don't  know  exactly  what  you  want,  you 
can't  plan  for  it.  When  competing,  the 
planning  stage  is  usually  second  fol- 
lowed by  the  cost  of  implementing  the 
plan.  And  in  order  to  make  any  plan, 
you  have  to  have  information.  What  are 
the  others'  qualifications  and  abilities? 
What  are  your  strong  points?  More 
importantly,  what  are  your  weak 
points?  What  are  the  standards  you  will 
be  measured  on?  If  you  don't  know 
these  things,  you  will  have  little  chance 
of  success.  If  you  are  competing  for  a 
new  job  in  a new  company,  learn  every- 
thing you  can  about  the  company. 
Learn  how  it  was  founded,  who  runs  it 
now,  their  work  ethic,  what  they  do,  why 
they  do  it,  how  big  it  is,  etc.  With  all  the 
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websites  nowadays,  this  is  easier  than 
ever.  The  most  critical  piece  of  informa- 
tion you  need  is  to  learn  exactly  what 
they  want.  Or,  more  to  our  point,  what 
is  their  goal?  They  want  to  succeed, 
too.  They  have  a goal,  plan,  and  cost 
already  in  place.  Now  they  are  execut- 
ing that  plan.  You  need  to  match  your 
plan  to  their  goal  better  than  anyone 
else.  Then  you  have  to  make  them 
aware  of  that. 

For  example,  a long  time  ago,  I 
wanted  to  work  at  a particular  compa- 
ny. I researched  them  and  determined 
what  mainframe  computer  system  they 
were  using.  I then  called  the  local  repre- 
sentative of  that  computer  system  to 
get  some  details  about  the  system  in 
general.  I had  a nice  conversation  with 
the  representative  and  he  mentioned 
that  the  company  had  just  ordered  a 
new  system.  At  the  interview,  I was 
asked  if  I was  familiar  with  the  comput- 
er type  they  were  using.  I said  yes  but 
that  it  would  be  interesting  to  learn 
about  their  new  system.  You  know,  the 
one  you  ordered  a few  weeks  ago.  The 
interviewers  looked  at  each  other  with 
their  mouths  open.  The  goal  of  most 
interviewers  is  to  find  aggressive,  hard- 
working, and  competent  people.  Those 
two  sentences  clearly  demonstrated 
that  to  them.  I should  point  out  that 
these  people  wanted  to  hire  me  on  the 
spot.  However,  another  interviewer  felt  I 
"looked  too  young."  I was  later  told  that 
there  was  quite  a battle  between  the 
interviewers.  I did  not  get  that  job.  This 
points  out  the  fact  that  no  one  can  plan 
for  everything.  Plans  fail  for  reasons 
you  might  never  consider.  But,  the  fail- 
ure of  the  plan  does  not  mean  that  the 
person  is  a failure.  It's  important  to 
know  this.  Of  course,  it's  disappointing 
and  discouraging.  It's  not  personal, 
though. 

Cheating 

Success  through  unethical  behav- 
ior is  a topic  that  clearly  has  to  be  dis- 
cussed. Some  students  cheat  to  get  a 
better  grade.  Athletes  sometimes  use 
drugs  to  enhance  their  performance. 
Executives  may  take  money  from 
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stockholders  by  manipulating  the 
books.  Some  politicians  lie  to  get  votes. 
Sometimes  it  seems  that  there  are  no 
honest  people.  Cheating  is  part  of  the 
"cost"  of  success.  Are  you  willing  to  risk 
your  reputation?  Your  health?  Your  free- 
dom? How  important  is  success  to  you? 
Fundamentally,  it  makes  little  sense  to 
risk  something  big  to  get  something 
small.  Cheaters  view  success  as  being 
the  most  important  thing.  Or  perhaps, 
failure  as  the  most  unacceptable  thing. 
It  is  really  just  a matter  of  values. 
Cheaters  usually  have  low  self-esteem. 

No  one  can  judge  another  person's 
values.  And  society  places  ethics  and 
success  in  conflict.  It's  human  nature  to 
want  to  win.  It's  also  human  nature  to 
be  fair.  This  is  just  because  we  are 
social  beings  and  have  empathy  with 
others.  What  is  right  and  wrong 
changes  as  society  changes.  But,  it's 
never  been  right  to  take  advantage  of 
others  (but  it's  done  on  a regular  basis, 
anyway).  Whatever  decisions  you  make 
concerning  ethics,  you  will  be  bound  by 
them.  The  saying  that  "nice  guys  finish 
last"  does  have  some  truth.  On  the 
other  hand,  there  is  usually  a great  sat- 
isfaction in  seeing  the  bad  guy  get  what 
he  deserves.  And,  if  you  do  cheat,  and 
someone  finds  out,  you've  just  given 
that  person  power  over  you.  Did  you 
factor  that  into  your  cost? 

Success  as  a Habit 

Success  breeds  success.  Why? 
Actually,  there  are  two  basic  reasons  for 
this.  The  first  is  that  success  builds  self- 
confidence.  That's  because  there  is 
always  risk  associated  with  success. 
This  is  the  "cost"  part.  If  you  risk  some- 
thing and  succeed,  you  are  more  willing 
to  try  again.  The  second  point  is  that 
you  learn  what  works.  Failures  show 
what  doesn't  work.  Obviously,  it's  easier 
to  learn  from  what  does  work  than  what 
doesn't.  (Although,  sometimes  it's 
extremely  important  to  know  what 
doesn't  work.)  One  other  point:  if  you 
like  doing  something,  you  will  be  much 
more  likely  to  succeed.  It's  synergistic. 
You  like  it,  so  you  do  well.  You  do  well, 
so  you  like  it  more.  If  you  can  find  a 
career  doing  something  you  like,  your 


chances  of  success  are  greatly 
enhanced.  There's  the  old  story  about 
Babe  Ruth's  first  professional  baseball 
contract.  Ruth  was  told,  "It's  $100.00 
per  game."  The  Babe  sadly  replied:  "I 
can't  pay  you  that  much." 

Conclusion 

The  road  to  success  is  basically  a 


four-step  process.  If  you  are  aware  of 
the  steps,  you  will  have  a better  chance 
to  succeed.  Once  you  learn  to  succeed 
you  will  find  that  it  is  very  possible  to 
achieve  much  more  than  you  ever 
thought  possible. 

And  regardless  of  what  anyone  else 
thinks  or  says,  if  you  think  you  have 
reached  your  goals,  then  you  are 
successful.  NV 
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QUESTIONS 

Does  anyone  have  a schematic 
for  a well-regulated  and  efficient  (little 
wasted  energy)  120  VAC 
transformerless  power  supply  (no 
step-down  transformer  of  any  kind  — 
just  diodes,  resistors,  caps,  and 
voltage  regulators)  with  an  output  of 
9 or  12  VDC  at  40  mA? 

#2041  joe 

via  Internet 

We  are  searching  for  a solution  to 
the  problem  of  the  ultrabass  sound 
from  stereos  in  cars  that  drive  down 
the  busy  street  we  live  on.  The  loud 
bass  noises  and  vibrations  penetrate 
our  house,  setting  off  resonances  that 
rattle  our  walls  and  windows.  The 


rumbling  from  other  vehicles  — 
buses,  trucks,  and  trains  — is  also  an 
aggravation. 

Is  there  a technology  available,  or 
one  that  could  be  easily  developed, 
that  could  cancel  out  these  noises? 
Or,  perhaps,  is  there  a metal  screen 
that  could  be  plastered  into  the  walls 
and  have  applied  to  it  a charge  that 
would  cancel  out  the  low  frequency 
sound  waves,  similar  to  the  screen 
embedded  in  the  glass  of  the 
microwave  oven  door? 

We  would  appreciate  help  with 
this  problem,  which  is  becoming 
more  persistent. 

#2042  Melvin  Pedersen 

via  Internet 

I noticed  that  your  magazine  is 
for  the  beginner,  as  well  as  the 


professional.  Where  does  someone 
start  who  is  interested  in  electronics? 
I checked  with  a local  school,  but  they 
wanted  thousands  of  dollars  in  tuition 
costs.  I would  appreciate  any 
information  you  can  provide. 

#2043  Lodrick  Price 

via  Internet 

I have  several  USB  flash  memory 
sticks  that  I like  to  use  simultaneously. 
Most  USB  "hubs"  have  the  (typically, 
four)  receptacles  so  close  that,  at 
best,  I can  get  three  USB  sticks  in,  and 
sometimes  only  two.  What  I need  are 
some  short  (preferably  about  eight 
inches  or  less)  USB  extension  cables, 
but  the  shortest  I've  seen  are  three 
feet  and  the  "retractable"  USB  cables 
are  typically  very  pricey  ($12.00+). 
Does  anyone  know  either  of  a source 
for  short  USB  cables  or  a source  for 
USB  cable  connectors  to  allow  me  to 
roll  my  own? 

#2044  Larry  Supremo 

via  Internet 


This  is  a READER-TO-READER  Column.  All 
questions  AND  answers  will  be  provided  by 
Nuts  & Volts  readers  and  are  intended  to 
promote  the  exchange  of  ideas  and  provide 
assistance  for  solving  problems  of  a technical 
nature.  All  questions  submitted  are  subject  to 
editing  and  will  be  published  on  a space 
available  basis  if  deemed  suitable  to  the 
publisher  All  answers  are  submitted  by  readers 
and  NO  GUARANTEES  WHATSOEVER  are 
made  by  the  publisher  The  implementation  of 
any  answer  printed  in  this  column  may  require 
varying  degrees  of  technical  experience  and 
should  only  be  attempted  by  qualified 
individuals.  Always  use  common  sense  and 
good  judgement! 

Send  all  material  to  Nuts  & Volts  Magazine,  430 
Princeland  Court,  Corona,  CA  92879,  OR  fax 
to  (909)  371-3052,  OR  email  to 

forum@nutsvolts.com 
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I'm  looking  for  a composite  video 
level  generator  that  sweeps  from 
black  to  white,  to  simulate  the  output 
of  an  iris  control  circuit  in  a video 
camera.  Any  assistance  would  be 
greatly  appreciated. 

#2045  Roy  Bock 

via  Internet 

I have  a standard  personal 
computer  that  has  serial  inputs.  Is 
there  an  adaptor  I can  build,  or 
purchase,  to  add  USB  ports  to  my 
machine? 

#2046  Ken  Johnson  W9BIH 

Dixon,  MO 

I need  to  generate  a 0-  to  5-volt 
triangle  wave.  I tried  to  obtain  this 
from  a 555  timer  chip,  but  it  only 
produced  a waveform  that  varied 
from  1/3  to  2/3  Vcc.  Can  anyone  help 
me  out  with  a circuit? 

#2047  HuseyinAkgul 

Ankara/Turkey 

The  last  two  batteries  on  my 
Compaq  Armada  M300  notebook 
have  died  and  replacements  are 
wickedly  expensive.  A simple 
alternative  would  be  to  supply  an 
external  18.5  V at  2.5  A,  with  some 
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sort  of  voltage  converter  using  a 12  V 
gel  cell.  Does  anyone  know  of  a 
simple  circuit  for  accomplishing  this? 

#2048  Mark  Warner 

via  Internet 

1 am  an  electronics  teacher 
hunting  for  electronics  jokes  to  use  in 
class.  The  cornier  the  better!  1 am 
already  using  the  "mobile  ohm"  and 
"ohm  ohm  on  the  range,"  to  give  you 
an  idea  of  what  is  working. 

#2049  Dave  Brett 

via  Internet 

(Bring  'em  on!  — Editor  Dan) 

1 have  a surplus  VFD  display 
module  that  I'd  like  to  use  in  a club 
project,  but  it  has  no  specs.  It  looks 
like  one  of  those  large  cash  register 
displays  that's  mounted  on  a pole. 
Inside  is  a pair  of  Futaba 
M202LD01DA  vacuum  fluorescent 
displays.  The  interface  cable  has 
eight  pins  where  20  VDC  power  is 
applied  and  an  RS-485  serial  interface 
is  used  to  talk  to  the  modules.  Futaba 
was  unable  to  help,  can  anyone  else? 
#20410  Kelly  Small 

Phoenix,  AZ 

I am  about  to  purchase  a DVD 
recorder/player;  however,  there  are  so 
many  supported  formats  that  I need 
help  understanding  the  differences.  A 
sales  person  at  a consumer 
electronics  outlet  told  me  there  were 
three  formats  — plus,  minus,  and 
progressive  — but  could  not  describe 
any  of  them.  I know  what  progressive 
scan  is,  but  what  about  the  other  two? 
I do  not  understand  how  a disc 
recorded  in  progressive  scan  can  be 
played  back  on  an  interlaced  monitor. 
Can  anyone  direct  me  to  a source 
that  can  give  me  the  facts  without 
trying  to  sell  me  something? 

#20411  E. A.  Hill 

via  Internet 

I would  like  to  build  an  engine 
governor  for  my  R/C  helicopter,  using 
a set  of  points  and  the  existing 
throttle  servo.  I have  been 
experimenting  with  555  ICs  as  the 
timing  device.  Does  anyone  know  of  a 
circuit  I could  use? 

#20412  Dean  Nicholas 

via  Internet 


Does  anyone  have  a simple 
circuit  to  test  for  continuity  up  to  a 
few  hundred  ohms?  I know  these  are 
built  into  most  digital  voltmeters,  but  I 
want  a small,  knock-around  unit. 

Michael  Herman 

(Read  TJ  Byer's  column  in  the  January 
issue  — Editor  Dan) 

ANSWERS 

[1 1038  - November  2003] 

I have  some  Gateway  2000 
4DX-66V  computers  that  have  a 
BIOS  password  that  prevents  them 
from  booting.  Is  there  a master 
password  that  I can  use  to  get  in? 

# I Generally,  there  is  not  a master 
password.  There  is,  however,  an 
alternate  solution.  You  need  to  force 
the  system  to  forget  that  it  is 
password  protected.  This  is  done  by 
generating  an  invalid  checksum  to 
force  erase  the  CMOS  RAM.  Either 
remove  the  backup  battery  or  find  the 
jumper  on  the  motherboard  that 
enables  power  to  the  CMOS  memory 
and  remove  it.  It  will  be  physically 
close  to  the  battery  and  the  CMOS. 

Some  motherboards  have  a 
three  pin  header.  The  center  pin  is 
common.  The  outer  pins  are  normal 
operation  and  erase.  Move  the  header 
from  one  side  to  the  other.  It  may  take 


several  minutes  if  you  are  just 
disconnecting  the  battery.  The 
computer  should  return  to  the  factory 
default,  with  no  password  protection. 
When  done,  replace  the  battery  or 
jumper,  so  that  the  computer  can 
remember  other  settings,  such  as 
hard  disk  type  and  time. 

Barry  Cole 
Camas,  WA 

#2  There  are  zillions  of  sites  where 
you  can  download  software  for  BIOS 
password  recovery,  such  as 

www.cgsecurity.org 

Olli 

Finland 

#3  The  easiest  way  to  access  a 
password-protected  BIOS  setup  is  to 
remove  the  backup  battery  for  a few 
minutes.  This  will  reset  all  of  the 
CMOS  settings,  including  the 
password.  You  will  then  be  able  to 
access  the  BIOS,  but  you  will  also 
need  to  reset  all  of  the  hardware 
settings,  such  as  the  hard  drive  type 
and  floppy  drive  configuration. 

Backup  batteries  vary  by 
motherboard  vintage.  Older 
motherboards  have  an  external 
battery  pack,  which  is  connected  to 
the  motherboard  by  a header.  Just 
remove  the  header  for  a bit  and  then 
replace  it.  Newer  motherboards  use  a 
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coin  cell  that  can  easily  be  popped 
out  of  its  holder.  Some,  quite  possibly 
yours,  will  have  a three-cell  battery 
which  is  soldered  in  place  near  the 
edge  of  the  motherboard.  If  this  is  the 
case,  then  look  for  a small  header 
with  three  pins  and  a shorting  plug 
near  the  battery.  Moving  the  shorting 
plug  to  the  opposite  set  of  pins  will 
disconnect  the  battery  from  the 
CMOS  backup  memory.  In  all  cases, 
be  sure  that  the  power  to  the 
computer  is  off,  otherwise  the  backup 
memory  will  be  powered  from  the 
main  supply  and  disconnecting  it  will 
have  no  effect. 

David  Sarraf 
Elizabethtown,  PA 


[ I 1 03  1 0 - November  2003] 

I need  a circuit  that  will  track  a 
changing  voltage  (+0.1  to  +0.9  V) 
and  allow  me  to  use  a 
potentiometer  to  create  an  offset  of 
± 0 to  3 millivolts  and  adjust  to  an 
average  of  0.45  V.  This  circuit  is  to 
track  the  output  of  an  automotive 
02  sensor. 

In  this  circuit  (Figure  1),  the 
LM78L05  provides  isolation  from  the 
noise  on  the  12  V supply.  The  til  A 
amplifier  circuit  has  unity  gain  for  the 
input  signal  and  the  ±5  volts  that  is 
available  at  the  pot.  You  should  use 
1%  resistors  for  accurate  results.  The 
MAX  1681  is  a +5  to  -5  inverter;  use 
film  or  ceramic  1 mF  caps.  Since  the 
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LMC6082  is  a dual,  I used  the  second 
op-amp  in  a low-pass  filter  so  the 
average  voltage  can  be  measured. 
The  capacitors  should  be  film  type  for 
accurate  results.  The  internal  offset  of 
the  op-amp  is  less  than  1 mV,  so  I 
assumed  that  was  neglectable. 

Russell  Kincaid 
Milford,  NH 

[1 1037  - November  2003] 

Does  anyone  know  of  a simple 
data  logger  I can  use  to  record  the 
time  and  date  of  each  instance  a 
switch  is  turned  on  and  off  and 
keep  it  in  memory? 

The  H06-001-02  Hobo™  Data 
Loggers  from  Onset  will  record  up  to 
2,000  different  changes  (on/off)  and 
the  time  each  happens.  They  require 
the  BoxCar  3.7  (BC3.7-DL)  software 
to  download  the  information.  This 
system  was  very  user-friendly  for  me. 
Both  should  be  at  www.digikey. 
com 

Brian  German 
via  Internet 

[12031  - December  2003] 

What  is  the  difference  between 
an  S-video  input  and  the  plain  old 
video  input  on  a television  set? 

An  S-video  cable  is  a higher 
grade  of  the  plain  old  composite 
video  input.  The  difference  between 
the  two  is  that  S-video  provides  more 
bandwidth  to  the  TV  set.  There  are 
basicially  two  feeds  coming  in  at 
once,  chrominance  and  luminance 
(or  color  and  brightness)  and  that's 
why  there  are  four  pins. 

When  using  S-video,  there  is 
better  picture  quality.  To  put  it  in 
easiest  terms,  a data  path  for  color 
and  a path  for  brightness  — where 
composite  video  has  to  accomodate 
for  both  and  the  picture  sometimes 
looks  "washed  out". 

Video  quality  for  home  users  is, 
from  best  to  worst:  fiber,  component 
(RGB),  S-video,  composite  video,  and 
RF  (audio  and  video  AKA  cable  feed). 

Shon  Kelly 
Ontario,  Canada 

[1 1031 1 - November  2003] 

I want  to  build  a current 
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sensing  switch  to  turn  on  an  audio 
amp  when  my  television  is 
switched  on  by  remote.  I want  a 
pass-though  type  sensor  so  as  not 
to  break  the  power  circuit  of  the 
device  being  monitored. 

#1  In  the  circuit  in  Figure  2,  you 
will  have  to  break  the  line  in  order  to 
run  one  of  the  AC  wires  through  the 
current  transformer,  but  there  will  be 
no  voltage  drop  due  to  the  current 
measurement.  The  transformer  is 
rated  for  5 A.  You  will  need  a 50  A 
transformer  for  the  hot  water  heater. 
The  diode  at  the  op-amp  input 
prevents  negative  voltage  from 
damaging  it.  The  diode  at  the  op-amp 
output  rectifies  the  signal  and 
produces  the  voltage  to  operate  the 
relay.  The  1 M resistor  ensures  that 
the  relay  switch  opens  when  the 
television  is  turned  off.  The  NPN 
transistor  is  its  own  protection  against 
the  inductive  kick  of  the  relay  coil,  so 
no  diode  is  needed. 

Russell  Kincaid 
Milford,  NH 

#1  I'm  doing  exactly  this  with  the 
Craftsman  Auto  Switch,  Sears  item 
#00924031000  (www.sears.com).  It 
has  one  master  (sense)  outlet  and 
two  slave  outlets. 

It's  marketed  as  a shop  tool,  to  do 
things  like  turn  on  a work  light  and  a 
shop  vac  on  the  slave  outlets  when  a 
table  saw  is  powered  up  on  the 
master  outlet. 

Best  of  all,  it's  only  $19.99!  It 
would  be  hard  to  purchase  the  project 
parts  for  less  than  that. 

Wil  Higdon 
via  Internet 

[12036  - December  2003] 

I'm  building  a three  axis  robot 
arm  using  stepper  motors, 
controlled  through  the  parallel  port 
of  a PC.  I'm  having  difficulty 
building  the  controller  board,  and 
writing  the  software  to  run  it. 

Can  anyone  point  me  to  any 
good  information? 

There  are  many  excellent  sources 
on  the  Internet  that  can  show  you 
various  ways  to  control  a stepper.  If 
you  are  looking  for  a place  to  start 


which  emphasizes 
the  basics,  I can 
suggest  my  site: 
www.taomc.com 
(The  Art  Of  Motion 
Control). 

I have  tried  to 
distill  the  process  of 
using  the  PC  printer 
port  and  inexpensive 
components  to 
create  fun  and 
instructive  stepper- 
based  projects. 

Over  the  past 

four  years  in  the  education 
department  at  the  Science  Museum 
of  Minnesota,  I have  taught  a class 
which  has  included  kids  as  young  as 
12.  The  course,  "From  Bits  to  Bytes  to 
Bots,"  showed  how  to  build,  wire  up, 
and  then  control  a two-axis  spherical 
plotter  ("Eggbot"). 

The  site  contains  several 
examples  of  do-it-yourself,  PC-based 
motion  control.  The  specific  area 
which  contains  detailed  explanations 
(including  breadboard  diagrams  and 
QBASIC  examples)  is: 

www.taomc.com/bits2bots/ 

Bruce  Shapiro 
Edina,  MN 

[12037  - December  2003] 

Does  anyone  know  of  a 


If  you  mean  footprints  for  a PCB 
package,  the  IPC  Land  calculator  is 
great  (see  http://landpatterns. 
ipc.org).  It  includes  a bunch  of 
footprints  for  various  packages  and  if 
you  input  the  parameters  of  the 
package  you  are  using,  it  will  tell  you 
what  the  PCB  footprint  should  be. 

Colin  O'Flynn 
Ontario,  Canada 

[1042  - January  2004] 

I would  like  to  light  a crystal 
from  underneath  with  lights  that 
slowly  illuminate  and  fade  to 
produce  different  colors.  I have 
made  a couple  different  circuits 


We  also  have  Lexan  robot  kits  that. . . 

^ «£, 

Walk  1 Roll^^  Grip  Pust^^^ 


New  Website!  WWW.lynxmotion.com  Online  Ordering!^ 
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A Great  Source  For 
Cerwin  Vega  Speakers 

Both  Complete  Speakers  & Factory  New  Components 
Cross-Overs,  Woofers,  Tweeters,  Mid-Range  Speakers 

Check  us  out  at  http://www.mavin.com 

Just  too  many  things  to  list  such  as  View  Sonic  LCD  Pwr 
Supplies,  GPS  Gadgets  and  Many  Great  Computer  Deals 

For  info  iohn@mavin.com  anytime  or  call  us  at 
800-421-2442  M-F  9AM  - 5PM  Pacific  Time 

We  Buy  New  Unused  Material.  Send  your  list  to  bobffimavin.com 
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using  blue,  red,  and  green  LEDs 
and  triangle  wave  circuits,  but  they 
are  not  as  bright  as  I'd  like. 

Any  suggestions  out  there? 

#1  Go  to  www.BGMicro.com  or 
www.Goldmine-elec.com  as  both 
offer  an  integrated  three-color  LED  in 
a T 1 3/4  package  with  an  internal 
controller  chip  that  does  exactly  what 
you  want,  for  less  than  $3.00.  They 
are  bright  enough  to  light  a tennis 
ball-sized  crystal  in  a dark  room.  Just 
apply  4 VDC  at  20  mA  and  you  are  all 
done.  Use  several  for  a more 
complicated  display. 

David  D.  Speck  MD 
Auburn,  NY 

#1  I really  like  that  idea  — so  I had 
to  build  one!  Instead  of  using  a slow 
triangle  wave,  I used  a square  wave 
near,  but  not  exactly  at,  the  line 
frequency  to  turn  an  AC  lamp  on  and 
off  (see  Figure  3).  When  the  120  Hz 
square  wave  from  the  op-amp  is  high, 
it  turns  on  the  high  voltage  power 
MOSFET  (just  about  any  will  work) 
and  the  lamp  sees  the  voltage  from 
the  bridge.  If  the  line  voltage  happens 
to  be  high,  the  lamp  is  bright,  but  if  it 
is  more  near  zero  volts,  the  lamp  is 
dim.  As  the  square  wave  drifts  relative 
to  the  line  voltage,  the  brightness 
goes  up  and  down. 

Originally,  I used  60  Hz  and  a 
half-wave  rectifier,  but  the  lamp  was 
off  too  much  of  the  time.  Moving  to 
1 20  Hz  and  a full-wave  rectifier  keeps 
the  lamp  partially  lit  at  all  times. 
Simply  adjust  the  potentiometer  until 
the  lamp  is  changing  at  the  desired 
rate.  Use  a non-polar  1 pF  capacitor 
op-amp  and  a good  multi-turn  pot  to 
set  the  frequency.  The  optoisolator  is 
not  critical,  as  long  as  it  can  turn  the 
MOSFET  completely  on  and  off.  The 
full-wave  bridge  can  be  a molded  type 
or  just  four  diodes  rated  for  AC  line 
voltage.  Make  sure  to  use  a fuse,  too. 

A quad  op-amp  could  run  four 
lamps  and  the  nine-volt  battery  could 
be  a molded  power  supply  or  the  line 
voltage  can  be  dropped  down  with  a 
power  resistor  and  zener,  but 
remember  that  the  op-amp  circuit 
then  becomes  a shock  hazard,  too. 

Charles  Wenzel 
Austin, TX 
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PC  based  Digital  Storage 
Oscilloscope,  200MHz  5GS/s 
equiv.  sampling  USB 

Item#  200DSO  $859.00 


Convert  any  PC  with  USB  interface 
to  a high  performance  Digital 
Storage  Oscilloscope.  This  is  i 
sophisticated  PC  basedscope  adaptor 
providing  performance  compatible 
to  mid/high  level  stand  alone  prod- 
ucts costing  much  more!  Comes 
with  two  probes. 

Complete  details  & software 
download  at  our  Web  Site  under 
Test  Equipment 
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LCD  Display 


input  voltage:  1 1 OVAC 
_ output:  0-18VDC 
Hr  Current:  0-2A 

Source  Effect:<0.02%+lmV 
Load  Effect:<0.01%  +5mV 
Ripple  & Noise:  <lmVrms 


$59.95  $52.95 
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Details  at  Web  Site 


*Dual°Channel  “em#  S2405 

*Sampleing  Time:50Ms.S 
*Auto  Triggering  OH  t 

* Auto  Calibration  3ZVV.UU  1 

*Roll  & single  shot  mode 
*16  shot  reference  wave- 
form & set-up  memory 
*Built  in  autoranging  True  RMS 
Digital  Multimeter 
includes  RS-232  I.F.  software, 

RS232  cable  & Rubber  Boot 


Non-Contact  Infrared  Thermometer 

*Non-contact  Infrared  w/laser  pointer  measures 
-*50°C  to  500°C/-58°F  to  932°F 
*Measure  temperature  of  hot  or  moving  objects 
from  a safe  distance  Details  at  Web  Site 
*Narrow  8:1  field  of  view 
*Fast  Sampling  Time 
*Switchable  C°  to  F°  and  Auto  Power  Off 
*Large  3-1/2  Digit  (1999  count)  backlit  LCD 
with  Data  Hold 
Item#  DT-8812 


*20Mhz  Bandwidth  Item#  CSI6502 

*Alt-Mag  sweep 

*lmV/Div  vertical  , ■ 

sensitivity  ^ 

* Alternate  trigger 
*X5  sweep  magnification 
*Large  6”CRT/autofocus 

*Comes  w/2  (xl  & xlO)  probes)  $269.00  ! 

. More  Details  at  Web  Site 


Item# 
D-ERASE 

$49.95 

Erase  Up  to  4 Chips  at  a time 
Adjustable  Timer:  4 to  24  minutes 


nnovative  5 in  1 DMM 

Integrated  SOUND/ 
LIGHT/HUMIDnY  “ “ 
SENSORS 
CSI8209 
*Alt-Mag  sweep 
* lmV/Div  vertical 
sensitivity 
*Altemate  trigger 
*X5  sweep  magnification 
Details  at  $49.00 

VCircuitSpeciahsts. 


intelligent  Auto-Ranging  DMM  > 

Our  Most  Sophisticated  DMM  Ever! 

Large  4 Dig  backlit  8000  count 
dual  display  & Analog 
Bargraph.  RS232  I.R.interface 
/software  /cable  4 display 
modes,  True  RMS 
value  & Freq.  of  Min/Max 
values:Temperaturein  F/C; 

| relative  quantity  & error  % of 
lative  value  at  the  same  time. 
More  Details  at  Web  Site 

CSI  8203....$489r©9 


LED ’s/Megabright  Blue,  White,  GREAT  PRICES!  X 

1 10+  100+ 

Megabright  Blue  5mm  (L7113PBC/G)  $1.95  $1.50  $1.25 

Megabright  Blue  3mm  (L7104PBC/G)  $1.95  $1.50  $1.25 

Megabright  White  5mm  (L7114PWC/G)  $2.15  $1.59  $1.35 

technical  details  @ our  web  site  under  SEMICONDUCTORS 
FLASHING  Red  3mm  (L36BHD) as  low  as  $.28  ea! 


Only 

$79.00  ! 


^RF  Field  Strength  Analyzer  $1499. 

The  3201  is  a high  quality  hand-held  (Limited  Offer) 
RF  Field  Strength  Analyzer  with  v 
band  reception  ranging  from  100k 
2060MHz.The  3201  is  a compact , 
lightweight  portable  analyzer  & is 
must  for  RF  Technicians.  Ideal  for 
ing,  installing  & maintenance  of 
Mobile  Telephone  Comm  systems. 

Cellular  Phones, Cordless  phones, 
ing  systems,  cable  &Satellite  TV  a 
well  as  antenna  installations  .May  i 
be  used  to  locate  hidden  cameras  i 
RF  transmissions 
q I ? Extensive  Tech  Details  & a Special  Offer 

sate 

• At  Our  Web  Site 


PROGRAMMABLE  DC  POWER  SUPPLY 


TIB  EuSilSn 

* EQCDrSp- 


Item#  CSI3645A 


*Stores  up  to  10  settings  for  fast  & accurate  recall  . , , nTvr,  .,  , , . 

*Backlit  LCD  display"  “tSpea^sSm' 

*High  Resolution  (lmV)  Lircuitapeciaiisis.com 

*PC  compatible  (with  optional  RS-232  adaptor  module) 

*Easy  programming  w numeric  keypad  or  fast  rotary  code  switch 
.*  Power  shut  down  memory  function  Mare  Details  at  Web  Site 


Variable  Temperature  Heat  Gun  Kit 

- — *Temperature  knob  adjusts  temperature  up  to  1 050°F 
ne  w/5  *3  stage  airflow  switch:  cool  (140°),  low  air,  high  air 
*Etgonomic  handle  with  comfortable  soft  grip 
*Powerful  1400  watt  output  Made  in  Germany 

Item#  SV803K  trcQ  nn  f ^ 4 

. Details  at  Web  Site 


BAG  of  LEDs  DEAL  100  LEDs  for  $1.50  ! ! 

Normal  brightness  leds  now  available 
in  RED  or  GREEN  in  3mm  or  5mm  size. 
Your  choice.  Each  bag  of  100  costs  $1.50  ! 

i. !)  Each  bag  contains 


100  of  the  sa 


ie  led. 


: 


Visit  our  website  for  a complete  listing  of  our  offers.  We  have  over  8,000  electronic  it 


w.CircuitSpecialists.com,  PC  based  data 


acquisition,  industrial  computers,  loads  of  test  equipment,  optics,  I.C’s,  transistors,  diodes,  resistors,  potentiometers,  motion  control  products,  capaci-  I 
tors, miniature  observation  cameras,  panel  meters,  chemicals  for  electronics,  do  it  yourself  printed  circuit  supplies  for  PCb  fabrication,  educational  I 
D.I.Y.kits,  cooling  fans,  heat  shrink,  cable  ties  & other  wire  handleing  items,  hand  tools  for  electronics,  breadboards,  trainers,  programmers  & much  J 
much  more  ! Some  Deals  you  won’t  believe  ! 


juifmuYt  Spec  i a li  st's  .com 


Specialists. com 


\f^ir3cjrijt  Sped  a lists  .com 


Protek 

‘Next  Generation’  Digital  Multimeter 

Well  equipped  DMM  with  True  RMS,  3- 
3/4  Digits,  RS-232C  Interface,  4000 
Count,  Auto-Ranging,  Analog  Bargraph 
10MHz  Freq.  Counter  & much  more  ! 

Item#  PROTEK506  $149 
Details  at  Web  Site  Sale  $99.00  ! 


esd  Safe  Thru-Hole  Digital  Laser  Tachometer 

Soldering/Desoldering  *5  digit  6„  LCD  Display 

Repairing  System  *2.5-99,999  RPM 

Item#  CSI701  ^ T „ test  range  ("  $49.00! 

*Auto-Ranging 

*2”  to  80”  test  range  Item# 

♦memory  function  DT-6234C 
v Technical  Details  at  Web  Site 


$199.00! 


01~  P . 

High  precision  thermostatically 
controlled  station  w/  35 W Iron 
& desolder  gun.  Built-in  double 
cylinder  vacuum  pump. 

Details  at  Web  Site 


eter 


lavigate 

♦Includes  a Search  Engine  That 
Really  Works 

♦New  Items  Added  Constantly 


Circuit  Specialists  Soldering  Station 
w/Ceramic  Element  & ^,.**»*_ 

Seperate  Solder  Stand  new! 

♦Ceramic  heating  element  for 
temp  control 

♦Temp  control  knob  in  F(392° 

C(200°  to  489°) 

*3 -prong  grounded  power  cord/static  safe  tip 
♦Seperate  heavy  duty  iron  stand 


f Triple  Output  Bench  Power  Supply'N 

with  four  3-1/2”  digit  LCD  Displays 
Output:  0-30VDC  x 2 @ 2 AMPS 
& lea.  fixed  output  @ 5VDC 
Source  Effect:  <0.02%  +lmV 
Load  Effect:  <0.01%  +5mV 
Ripple  & Noise:  <lmVrms 
CSI3002D-3.. $169.00  Dimensions:  365x265x164mm 
(qty  5+.. $159.00)  Input  Voltage:  110VAC  +/-10% 
Details  at  Web  Site 


Item#  CSI825A++ 
FANTASTIC 
VALUE!! 
Microprocessor 
Controlled  ! 
Includes  4 Nozzles  ! 


SMD  RE-WORK  SYSTEM 

w/Vacuum  Pick-up  tool. 

Details  at  Web  Site 


♦Replaceable  iron/easy  disconnect  Rapid  Heat  Up!  |n  Business 

♦Extra  tips  etc.  shown  at  web  site  CS1-S1A11UJN1  Cinro  1Q71 


Also  Available  w/Digital  Display 
& Microprocessor  Controller 
Item# 

CSI-STATION2 

$49.95 

Details  at  Web  Site 


iM 


SMD  Hot  Tweezer 
Adaptor  Fits  CSI 
Stations  1 & 2,  and 
also  CSI906 

Item#  *29  00 
CSITWZ-STATION 


(1 


in  Business 

S i n ce  1 97 1 SMD  RE-WORK  SYSTEM  w/Solder  Iron\ 

Item#  CSI906 

Includes  4 Nozzles ! f Incredible 
Deal!  only 

.00! 


Hand-Held  3.0GHz  Universal  Counter 

* 10  digit  LCD  Display  With  Field 

♦High  speed  300MHz  direct  counter  w/O.lHz  resolution  strength 
♦50  Ohm  input  for  full  range  1MHz  to  3.0GHz  coverage  M 8 . 

♦Ultra  sensitive  synchronous  detector  w/16  segment  Measurement 
INCLUDES: 


Details  at  web  site 


bargraph  display  of  RF  signal  strength 
♦4  selectable  gate  speeds 
♦Hold  switch  locks  display 
♦Low  power  consumption 
Extensive  Details  at:  www.CircuitSpecialists. 


Now  Onlyl* 

$99.00!  * 


Super  Economy  DMM  CSI  830 

1999  count  LCD  Display  1 10  50+ 

15mm  digit  height  $9.99  $7.99  $6.99  'ggt 

HfE  DATA  HOLD  *DC  Vol1s:200m/2V/20V/200V/600V 
Audible  Continuity  * oAn/zoA 


Audible  Cc 
Rubber  Boc 
Test  Leads 
Included 


r *AC  Volts:  200/600 
♦DC  Current:  200p/2m/20mA/10A  VSt! ^ 

♦Resistance:200/2K/20K/200K/2M 
♦Size:  138  x 69  x 31mm 


^ Protek  60  & 100MHz  Realtime  Scopes 

2 Channel  Dual  Trace  Amazing  Brand  New  V Incredible  1 

6”  Internal  Grid  Values  ' Not  Refurbished!  \ Prices! 

ALTMAG  ’ Includes  2 scope  probes 

alttrig  wmmmi  60MHz  only  $469.00 

100MHz  only  $699.00 


Values  ! 

TV  Sync 

gwiaib  ai;  ww^iiuitSpemli^.wm 
B&W  High  Performance  Night  Vision  Camera 

We've  found  more  expensive  units  with  more  LEDs  but 
the  performance  of  this  unit  is  superior.  Ideal  for  outdoor 
or  indoor  nighttime  monitoring.  Heavy  Duty  metal  casing 
is  weatherproof  for  protection  from  rain  or  snow.  1 49  qq 

V Regulated  Power  Supply  WDADP-12.. $14.95  WQg  5007S 
MetailsMtJteLSite, 


Digital  Read  Out  3 Amp  Bench  Power  Supplies 

Available  in  0-30  volt  & 0-50  volt  versions 


As  Low  As 

$85.00! 


High  stability  digital  read-out  bench  power  supplies  fea- 
turing constant  voltage  and  current  outputs.  Short-circuit 
and  current  limiting  protection  is  provided.  Highl  LED 
accuracy  and  stable  line  regulation  make  the  3000  series 
the  perfect  choice  for  lab  and  educational  use. 

ition:  2xio-4+ima  New!.. Lower  Prices 

acy:  Voltage±l%+2  digits 
Current:  ±1.5%  +2  digits 


'Dimensions:  291mm  x 158mm  x 136mm 

CSI3003:  0-30v/0-3amp/l-4.. $89.00/5+.. $85.00 
CSI5003:  0-50v/0-3amp/l-4.. $99.00/5+.. $95.00 


on  our  Web  Site: 
Look  Under  Test 
Equipment 


Circuit  Specialists,  Inc.  220  S.  Country  Club  Dr.,  Mes 

800-528-1417  / 480-464-2485  / FAX:  480-464-5824 


AZ  85210 


BASIC 

Blue 

Achieve  simple 
integration  with 
the  BASIC  Stamp 
and  seamless 
connectivity 
with  standard 
Bluetooth® 
devices. 


The  EmbeddedBlue™  Transceiver  AppMod  (#30068;  $99.00)  provides  standard  Bluetooth®  connectivity 
for  BASIC  Stamp  applications  without  the  need  for  detailed  Bluetooth®  knowledge.  Engineers,  educators, 
hobbyists,  and  OEMs  can  take  advantage  of  advanced  wireless  connectivity  with  this  easy  to  use  module. 
It  is  designed  and  manufactured  by  A7  Engineering  based  on  specifications  provided  by  Parallax,  the 
exclusive  distributor  of  the  EmbeddedBlue™  Application  Module. 

The  communication  potential  with  Bluetooth®  is  rather  amazing  when  compared  to  proprietary  RF, 
especially  with  the  proliferation  of  Bluetooth®  enabled  hardware  devices.  The  documentation  includes  a 
detailed  overview  and  sample  source  code  for  EmbeddedBlue™  projects  with  the  BASIC  Stamp,  including 
interfacing  to  standard  Bluetooth®  devices. 

Technical  Specifications  include: 

• Frequency:  2.4  GHz  FHSS  (Frequency  Hopping  Spread  Spectrum) 

• Transmit  Power:  4dBm  (max)  class  2 operation 

• Open  field  range:  300  feet 

• Bluetooth:  Compliant  with  the  vl.l  standard 

• Receiver  Sensitivity  at  0.1%  BER:  -85dBm 

The  EmbeddedBlue™  RS232  Adapter  (not  pictured;  #30069;  $99.00)  provides  a standard  RS232  interface  for 
the  EmbeddedBlue™  Transceiver  AppMod.  The  adapter  can  be  used  for  a simple  PC  connection  allowing 
testing,  prototyping,  and  two-way  communications  with  a BASIC  Stamp. 


www.parallax.com 

Order  online  at  www.parallax.com  or  call 
our  Sales  Department  toll-free  (in  the  U.S.) 
at  888-512-1024  (Mon-Fri,  7 a.m.  to  5 p.m.,  PST). 


